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Foreword

The Handbook of Respiration is the sixth in a series of publications*, each containing information,
chiefly tabular, in one or more fields of the biological sciences. These handbooks have been prepared under the
general direction of the Committee on the Handbook of Biological Data, Division of Biology and Agriculture,
National Academy of Sciences--National Research Council.

The information for the present Handbook was prepared and contributed by leading authorities in the field
of respiration. The data were assembled, tabulated, and edited by the Handbook staff, then critically reviewed and
authenticated by experts in the areas covered in this volume.

On behalf of the Committee, acknowledgment is made to the numerous scientists who have been so liberal
with their time and advice; to Wright Air Development Center United States Air Force, the National Institutes of
Health of the Public Health Service, the Division of Biology and Medicine of the Atomic Energy Commission, the
Office of Naval Research, the Office of the Surgeon General of the Army, and the Array Chemical Center, for
generous support and cooperation, which have made possible the production of this book. The Air Force participa-
tion in this undertaking was carried out under Contract No. AF 33(61 6)- 3972 with the National Academy of Sciences.
Dr. J. W. Heim, Aero Medical Laboratory, Wright Air Development Center, served as contract monitor.
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Introduction

This Handbook has been prepared for the purpose of making readily available in a single, comprehensive
compilation useful data on respiration and associated phenomena. To this end, information has been organized for

ready reference in the form of tables, graphs, nomograms, schematic diagrcims, and line charts. Contents of the

volume have been made available and authenticated by some 400 leading investigators in the fields of biology and
medicine. The extended review process to which all tables have been subjected was designed to eliminate, insofar
as possible, both errors and such strongly controversial or questionable material as tends naturally to inhere in a
work of this scope and complexity.

Frequently, a group of tables is preceded by an explanatory headnote designed to serve as an introduction
to the subject matter, or to account for inconsistencies and inclusion of controversial material. Usually, individual
tables are supplied with a short headnote containing such essential information as definitions; units, methods, and
conditions of measurement; conversion factors; abbreviations; and estimate of the range of variation. Following
each presentation there appears a list of contributors of the material, together with bibliographic references. In the
latter, abbreviations conform wherever possible to the LIST OF ABBREVIATIONS FOR SERIAL PUBLICATIONS,
Fourth Series, Army Medical Library, Washington, D. C. (U. S. Government Printing Office, 1948), and the 1955
SUPPLEMENT thereto.

Technical and mechanical problems in the preparation of copy made impossible the use of standard symbols
and abbreviations in respiratory physiology as recommended in FEDERATION PROCEEDINGS 9:602, 1950; the same
limitations precluded the use of italics. The symbols d and J indicate, in terms of optical rotation, respectively
dextro- and levorotatory; d and i. are used for dextro and levo in the configurational sense for amino acids and
carbohydrates or for the stereoisomeric forms of an orgamic substance.

The number of subjects and observations has been given whenever such information was available, provided
only that space permitted. There may on occasion appear between two tables differences in values for the same
specifications, and there may be found certain inconsistencies in nomenclature and occasional overlapping of cover-
age. These represent not oversights, nor failure to choose between alternatives; on the contrary, they result from
the deliberate intention of the research staff to respect the judgment and preferences of individual contributors. On
the other hand, with only the rarest of exception, each presentation is itself internally consistent.

Values are generally presented as a mean and the upper and lower limit of the 95% range.
tions (a, b, c, d) identify types of ranges:

Letter designa-

(a) By the method of greatest accuracy, the 95% range is

obtained by fitting a recognized type of frequency curve to a

group of measured values and excluding the extreme 2.5% of

area under the curve at each end (see sketch). Estimate is

made by this procedure only when the group of values is rela-

tively large.

(b) By a less accurate method, the 95% range is estimated by
a simple statistical calculation, assuming a normal distribu-

tion and using the standard deviation. This estimate is used
when the group of values is too small for curve fitting, as is

usually the case.

(c) A third and still less accurate procedure for estimate of

the 95% range is simply to take as range limits the highest
value and lowest value of the reported sample group of meas-
urements. It underestimates the 95% range for small samples
(3 or 4 values) and overestimates for larger sample sizes, but

may be used in preference to the preceding method when the

sample shows convincing evidence that the variable is asym-
metrical in distribution.

(d) The upper and lower limits of the range of variation, as commonly encountered by an investigator experienced
in measuring the quantity in question, constitute still another estimate of the 95% range. The trustworthiness of

limits so placed should not be underestimated.

Although the data in each table are the best available at the time the table was prepared, it is recognized
that all data are subject to revision as investigators improve techniques and make more measurements. The reader
is invited to submit any values or ranges that he feels should be given consideration, and is particularly invited to

add to the coverage of animal forms.





HANDBOOK of RESPIRATION

1. ABSOLUTE LUNG VOLUMES, DEFINITIONS AND CONVERSIONS: ATPS. BTPS, AND STPD CONDITIONS

Gas volume in the lung exists at ^ody Temperature and atmospheric Pressure and is completely Saturated

with water vapor at body temperature- -hence the designation BTPS.
However, once the gas has been blown into a measuring device such as a spirometer, the temperature will

have dropped to the spirometer or Ambient Temperature; although the gas volume is still Saturated with water vapoi

at the lower ambient temperature the water vapor volume is reduced. The Pressure of the atmosphere is the same.

This condition is designated ATPS.
Under average laboratory conditions (ATPS), the "true" lung volume (BTPS) will shrink, in response to the

ambient temperature and barometric pressure, to perhaps 93%, as shown in the figure below. If this lung volume is

then converted to conditions of Standard T[emperature and Pressure with all water vapor removed (or Dry), this

STPD value will be approximately 83% of the BTPS lung volume- -sometimes even less in accordance with the baro-

metric pressure (also as shown in the figure below).

It must also be borne in mind that lung volume measurements are often made on closed breathing circuits

which contain a CO^ absorber. Any volume expired into such a system will, of course, be automatically reduced by

the percentage of CO^ in the expired air; for a Vital Capacity obtained after full inspiration and before maximal
expiration, this reduction may well be of the order of 2-3%. This discrepancy must be considered in making refer-

ence to "absolute volumes."
All lung volumes are normally recorded at ATPS conditions. Conversion to BTPS conditions which repre-

sent true or anatomical lung volume requires knowledge of room or spirometer temperature and approximate baro-

metric pressure. 3,0 p„-pH20
True lung volume (BTPS) = lung volume at ATPS x x "

.p" , where t = spirometer temperature in

degrees C; Pg = barometric pressure in mm Hg; and pH^O = vapor pressure of water at spirometer temperature t.

310 is absolute body temperature of 370C, and 47 mm Hg is the vapor pressure of water at 370C.

BTPS

% Lung Volume

00



2. FACTORS FOR CONVERSION OF GAS VOLUMES
FROM ATPS TO BTPS CONDITIONS

ATPS = At Ambient Temperature and atmospheric Pressure,

completely Saturated with water vapor. BTPS = At ^ody
Temperature (370C) and atmospheric Pressure, completely
Saturated with water vapor. Atmospheric pressure is

assumed to be standard (760 mm Hg). It is unnecessary to

correct for small deviations from standard barometric
pressure. For additional information on these concepts see

Page 1.

3. TEMPERATURE AT VARIOUS ALTITUDES

U. S. standard atmosphere.

Factor to Convert



5. CHARACTERISTICS OF RESPIRATORY MEDIA

The solvents, water or nitrogen, through which exchange of O2 and CO2 occur, are the primary substances

mechanically inspired by animals that actively ventilate the respiratory organ. Values in parentheses are relative

coefficients with O^ as unity.



7. COMPOSITION AND PARTIAL PRESSURE OF RESPIRATORY GASES: MAN
Values in parentheses conform to estimate "d" of the 95% range (cf Introduction).

Gas



10. PARTITION COEFFICIENTS OF VARIOUS GASES AT 37-38°C

Adapted from Kety, S. S., Pharm. Rev., Bait. 3:5. 1951.

Partition coefficient = the ratio at equilibrium in which a given substance (gas) distributes itself between two or

more different solvents.

Gas
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13. DIFFUSION COEFFICIENTS AND PERMEATION COEFFICIENTS

D = "true" diffusion coefficient in sq cm/min ( f^ = -O-zr—5-); c = concentration in ml gas (STPD) dissolved per ml
? t a x'^

liquid; t = time in min; x = distance in cm. D' = permeation coefficient in sq cm/min/atm: volume of gas {ml,

STPD) diffusing per unit lime (min), area (sq cm), and thickness (cm), if the difference in partial pressure of the

diffusing gas is 1 atm in the direction of the gas flow. D =
, where a is the Bunsen solubility coefficient, ml gas

a

(STPD) dissolved per ml liquid at a partial pressure of 1 atm. The temperature coefficient of D in the range
15-40°C is in most cases nearly 2% °C [1,2], and temperature coefficient of D' nearly 1% per oc in the same
range. [ 3]

Part I: O^ AND CO^ IN VARIOUS FLUIDS AND TISSUES

Unless otherwise stated, values of D and D' were recalculated from data in the references, with the aid of solubility

coefficients given in these tables.

Substance

lAT
Temp, °C

"TbT
D X 10"*

lev TdT
X 10'

"TeT
Reference

TfT
Oxygen

1



DIFFUSION COEFFICIENTS AND PERMEATION COEFFICIENTS (Concluded)

Part U: VARIOUS GASES RELATIVE TO O2 AS UNITY
D' gasD gas

D Oz D' O2
' Absolute values for O2 obtained from Part I of this table.
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16. THE RESPIRATORY SYSTEM: MAN

Left woll of

nosal cavity ond
turbinotes

L and r phrenic nn.

Alveoli

Atria

Inf. vena covo
=>ul.v.

Terminal bronchiole Alveolar soccule

Reference : "Dorland's Illustrated Medical Dictionary," 23rd ed., p 1355, Philadelphia: W. B. Saunders Co., 1957.
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17. BRONCHOPULMONARY SEGMENTS; MAN
For practical purposes, the lungs may be divided into lobes which are fairly constant and well recognized, and each

lobe into segments. These segments are supplied by the principal subdivisions of the bronchus entering that lobe.

There is a fair degree of constancy in these bronchial subdivisions, both with respect to their point of origin in the

tracheobronchial tree and to the part of lung which they supply. Terminology used is that suggested by Jackson and

Huber.

Contributors : Jackson, C. L. and Huber, J. F.

Reference: Jackson. C. L., and Huber. J. F., Dis. Chest 9:319, 1943.
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Age is given in years,

Scammon, R. E.

18. LUNG WEIGHT: MAN

unless otherwise specified. Values are mean weight for both lungs. Data collated by



20. LUNG WEIGHT AND VOLUME INCREMENTS DURING FIRST YEAR: MAN

Figures in parentheses are total number of observations.

P g

O
>

275
250

225
200

175

150

125

100

75
50

25

E3 Lung weight (600)

CH Lung volume (360)

^

Birth

^

2-3 3-6

Month
9-12

Reference : Krogman. W. M. , Tabulae Biologicae 20:669, 1941 (adapted from Scammon, R. E., Radiology 9:101
,
1927).

21. DIMENSIONS OF TRACHEOBRONCHIAL TREE: MAN, ADULT

Values tabulated below represent average dimensions of the adult tracheobronchial tree, computed by Findeisen and

Landahl, according to a functional concept of structure rather than a strictly anatomical description. Here, the

major bronchi are listed according to their order of generation rather than to lobar or segmental distribution. This

table serves two purposes: First, it permits listing bronchi of similar size in the same category, and second, it

serves as a tool for the functional description of airflow characteristics at various points of the tracheobronchial

tree. However, the user of these values must recognize that there is considerable overlapping of the various

orders of branching.



23. LENGTH OF BRONCHI: MAN

Values are in millimeters.



25. DIMENSIONS OF TRACHEA: MAN

Based on data of Engel, Gegovd. Koike, Mettenheimer, Oppikofer, Passavant, and Scammon.

—



27. LUNG WEIGHT RELATIONSHIPS: LABORATORY MAMMALS

Part I; LUNG LOBES

Lobes arbitrarily numbered as referred to in Part III.

Cat

Left

1 = Apical (superior)

2 = Diaphragmatic (inferior)

Left

Left

Right

Right

Right

1 = Apical (superior)

2 = Middle
3 = Diaphragmatic (inferior)

4 - Azygos (mediastinal)

Guinea pig

Left Right

Left Right

Monkey Rabbit

Contributors: (a) Joffe, M. H., (b) Ross. B. B.

References : [1] U. S. Army Chemical Warfare Laboratories, Army Chemical Center, Maryland. [ 2) Rahn, H.

and Ross. B. B.. J. Appl. Physiol. 10:154, 1957.
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27. LUNG WEIGHT RELATIONSHIPS: LABORATORY MAMMALS (Concluded)

Part II: BODY WEIGHT VS LUNG WEIGHT

Values in parentheses are ranges, estimate "c" of the 95% range (cf Introduction).



28. LUNG WEIGHT: VERTEBRATES

Values, unless otherwise indicated, are for

mined immediately after death of animal.

Part I: MAMMALS
adult weights, on a fresh basis, and are g/lOOg body weight deter-

Species



28. LUNG WEIGHT: VERTEBRATES (Continued)

Part I: MAMMALS (Continued)

Values, unless otherwise indicated, are for adult weights, on a fresh basis, and are g/lOOg body weight deter-

mined immediately after death of animal.

Species



28. LUNG WEIGHT: VERTEBRATES (Continued)

Part 1: MAMMALS (Concluded)

Values, unless otherwise indicated, are for adult weights, on a fresh basis, and are g/lOOg body weight deter-

mined immediately after death of animal.

Species



28. LUNG WEIGHT: VERTEBRATES (Continued)

Values, unless otherwise indicated,

immediately after death of animal.

Part II:

ire for adult weight.

BIRDS
on a fresh basi s, and are g/lOOg body weight determined



28. LUNG WEIGHT: VERTEBRATES (Concluded)

Part III: REPTILES

Values, unless otherwise indicated, are for adult weights,

mined immediately after death of animal.

on a fresh basis, and are g/lOOg body weight deter-



Z9. SUBDIVISIONS OF LUNG VOLUME: MAN

Part I: DIAGRAM

Volumes corrected to BTPS conditions (cf Page 1).

Special Divisions for

Pulmonary Function Tests

Primary Subdivisions

of Lung Volume

Reference: Comroe, J. H., Jr., et al, Fed. Proc. 9:602, 1950.

Part U: STANDARDIZED TERMS VS SOME PREVIOUS TERMS

Standardized Term



30. PREDICTION FORMULAS AND SOME NORMAL VALUES IN PULMONARY PHYSIOLOGY; MAN

Part I: LUNG VOLUMES



30. PREDICTION FORMULAS AND SOME NORMAL VALUES IN PULMONARY PHYSIOLOGY: MAN (Concluded)

Part II: BASAL RESPIRATORY FUNCTIONS (Concluded)



31. VITAL CAPACITY VS AGE: CHILDREN AND ADOLESCENTS

Ventilatory values have been corrected to BTPS conditions (cf Page 1). Values in parentheses are ranges. Age
ranges conform to estimate "c" of the 95% range (cf Introduction). Vital capacity ranges of Ferris and Shock

conform to estimate "b" of the 95% range; those of Morse conform to estimate "c."

Age



32. VITAL CAPACITY VS STANDING HEIGHT: CHILDREN AND ADOLESCENTS

Ventilatory values of Stewart conform to ATPS conditions. All other ventilatory values are corrected to BTPS con-

ditions (cf Page 1). Values in parentheses are ranges; in data of Morse they conform to estimate "c" of the 95%
range (cf Introduction); in data of Ferris, Shock, and Stewart, they conform to estimate "b," unless otherwise

indicated.

Males

Height



33. VITAL CAPACITY VS WEIGHT: CHILDREN AND ADOLESCENTS

Ventilatory values of Stewart conform to ATPS conditions. All other ventilatory values are corrected to BTPS
conditions (cf Page 1). Values in parentheses are ranges; in data of Morse they conform to estimate "c" of the 95%
range (cf Introduction); in data of Ferris. Shock, and Stewart, they conform to estimate "b, " unless otherwise
indicated.

Males

Weight



34. VITAL CAPACITY VS SURFACE AREA: CHILDREN AND ADOLESCENTS

Ventilatory values are corrected to BTPS conditions (ct Page 1). Values in parentheses are ranges and conform to

estimate "b" of the 95% range in data of Ferris and to estimate "c" in data of Morse (of Introduction).

Body Surface Area



35. VITAL CAPACITY VS STANDING HEIGHT: CHILDREN AND ADOLESCENTS
Data of Kelly and Stewart conform to ATPS conditions. All other data have been corrected to BTPS conditions (cf

Page 1).

Part 1: MALES

6.0 I—

5.5

5.0

4.5 -

4.0 -

3.5

J

a 3.0
D.

O
a

> 2.5

2.0

1.5

1.0 -

0.5

Astrand, P.-O.
Kelly, H. G.

Ferris, B. G., Jr. Whittenberger,
J. L., and Gallagher, J. R.

Morse, M., Schlutz, F. W., and
Cassels, D. E.

Robinson, S.

Stewart, C. A.

Abernethy, E. M.
Turner, J. A., and McLean, R. L.

Wilson, M. G., and Edwards, D. J.

Metheny, E.

11 1— Shock, N. VV., and Norris, A. H.

\ \ \ 1_
100 110 120 130 140 150

Height, cm
160 170 180 190

Contributors : (a) Morse, M., (b) Shock, N. W.

References: (l) Astrand, P.-O., "Experimental Studies of Physical Working Capacity in Relation to Sex and Age,"

Copenhagen: Ejnar Munksgaard, 1952. [2] Kelly. H. G., "Studies in Child Welfare." 7;No. 5, Univ. of Iowa Press.

1933. [3] Ferris. B. G., Jr., Whittenberger, J. L., and Gallagher, J. R., Pediatrics 9:659. 1952. [4] Morse, M.

Schlutz, F. W., and Cassels, D. E., J. Clin. Invest. 31^:380, 1952. [5] Robinson, S., Arbeitsphysiologie |0;251,

1938. (6] Stewart, C. A., Am. J. Dis. Child. 24:451, 1922. (7] Abernethy, E. M., "Child Development," J^:No. 7,

Nat. Res. Council, Wash., D. C, 1936. [8] Turner, J. A., McLean, R. L., Pediatrics 7: 360, 1951. [9] Wilson.

M. G., Edward, D. J.. Am. J. Dis. Child. 22:443, 1921. [10) Metheny, E., "Studies in Child Welfare," j8;No. 2,

Univ. of Iowa Press, 1933. [11] Shock, N. W., and Norris, A. H., Gerontology Branch, National Institutes of

Health, unpublished.
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35. VITAL CAPACITY VS STANDING HEIGHT: CHILDREN AND ADOLESCENTS (Concluded)

Data of Kelly and Stewart conform to ATPS conditions. All other data have been corrected to BTPS conditions (cf

Page 1).
Part II: FEMALES

6.0

5.5

5.0

4.5

4.0

J 3.5

5 '-o

2.5

2.0

1.5

l.O -

5-

1 _« Astrand, P.-O.

Z —O— Kelly, H. G.

3 —X— Stewart, C. A.

4 —O— Morse, M., and Cassels, D. E.

5 —I— Shock, N. W., and Norris, A. H.

J_

100 110 120 130 140 150

Height, cm

160 170 180 190

Contributors : (a) Morse, M., (b) Shock, N. W.

References : (l] Astrand, P.-O., "Experimental Studies of Physical Working Capacity in Relation to Sex and Age,"

Copenhagen: Ejnar Munksgaard, 1952. I 2] Kelly, H. G., "Studies in Child Welfare," 7:No. 5. Univ. of Iowa Press,

1933. [3] Stewart, C. A., Am. J. Dis. Child. 24:451 , 1922. [4] Morse, M., and Cassels, D. E., unpublished.

[5] Shock, N. W., and Norris, A. H., Gerontology Branch, National Institutes of Health, unpublished.
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38. LUNG
Ventilatory values have been corrected to BTPS conditions (cf Page 1). Data of Morse, Robinson, and Kaltreider

are ranges and, except for data of Shock, conform to estimate "e" of the 95% range (cf Introduction). Data of Shock

Age



VOLUMES: MAN
were obtained using closed-circuit wet spirometer method (modification of Christie method). Values in parentheses
conform to estimate "b."



39. EFFECT OF POSTURAL CHANGE OF LUNG VOLUMES: MAN

Values for supine and sitting positions are expressed as per cent of total lung capacity. The tidal volume is

variable and can be assumed to be 10-15%. Values are for adult males less than 30 years of age, and for healthy

females 18-34 years.



41. RESPIRATORY RATE, TIDAL AND MINUTE VOLUMES: VERTEBRATES

Values, unless otherwise specified, are for the resting state.

Animal



41. RESPIRATORY RATE, TIDAL AND MINUTE VOLUMES: VERTEBRATES (Concluded)

Values, unless otherwise specified, are for the resting state.

Animal



43. TIDAL AND MINUTE VOLUMES: MAN



44. BASAL RESPIRATORY

Respiratory values are corrected to STPD conditions (of Page 1). Determinations were made on fasting subjects
compute frequency distributions. Ranges in parentheses conform to estimate "b" of the 95% range (cf Introduction),

gasometer method; O2 and CO2 concentrations by Boothby- Sanford modification of Haldane technique; samples of

DuBois nomogram.



FUNCTIONS: MAN

in recumbent position after 20-rainute rest period. Averages of six determinations for each subject were used to

Techniques and apparatus: Siebe-Gorraan half mask; 8 minute tests of basal O^ consumption by Tissot open-circuit

respiratory alveolar air by Haldane- Priestley technique; CO^ analyses by Haldane apparatus; surface areas by

CO2 Tension,

Alveolar Air
mm Hg



47. RESPIRATORY DEAD SPACE: MAN

For purposes of defining dead space, expiratory air is arbitrarily divided into two components: that which is like

alveolar air, and that --called dead space- -which is like the inspired air. Dead space can be considered for any
inspired or expired gas, CO^ being most often studied. There are many methods for measuring dead space, differ-

ing primarily with the way alveolar air is measured or computed. It has not been shown that any two methods give
identical results, nor is it known exactly which geometric portion of the lung they measure. Until identical results
can be shown, it is best that different methods be identified by different names. For CO2 and O^, dead space is sub-
divided by some into two parts; one, the conducting airway from nares to terminal bronchioles, the other, a portion
of the tidal volume going to alveoli but wasted because of uneven distribution of blood and gas in the lung. The terms
in most common use are: (1) Anatomic Dead Space . Strictly, this is the geometric volume of the conducting
airway. The term is used both by those making plaster or other casts of the dead lung airway; and by many whose
methods are thought to approximate this volume in vivo , the most widely used of which methods is Fowler's single-
breath analysis of gas flow and concentration ( l] . Other terms and methods believed to approximate this anatomic
space are grouped in this section under the heading Anatomic. (2) Physiologic Dead Space. This term includes
both anatomic and distribution dead space, and indicates the value of alveolar CO2 tension obtained by measuring
arterial CO2 tension. Other methods also attempt to include distribution dead space; these are all grouped with the
arterial CO^ tension methods under the heading Physiologic. Those marked "Haldane- Priestley" are now felt by
most investigators to be too large, because the alveolar tension obtained by a forced lung expiration is too high.

Regarding other methods, it is not possible to be certain whether they belong in the Anatomic or Physiologic group.
"Alveolar" dead space [ 2] is the difference between the physiologic dead space and the anatomic dead space
(Fowler); it is one measure of the distribution dead space. "Parallel" dead space also refers to the distribution

dead space, as determined by the isosaturation technique [ 3] .

Contributor : Severinghaus, J. W.

References : [ 1] Fowler, W. S., Am. J. Physiol. 154:405, 1948. [2] Severinghaus, .1. W., and Stufpel, M., J.Appl.
Physiol. 10:3 3 5, 1957. [3] Pappenheimer, J. R., Fishman, A. P., and Borrero. L. M., ibid 4:855. 1952.

Part 1: AT REST

Values in parentheses conform to estimate "c" of the 95% range (cf Introduction).

Age



CR-209. RESPIRATORY DEAD SPACE: MAN (Continued)

Part 11: DURING ACTIVITY

Values in parentheses conform to estimate

Vt = tidal volume
'c" of the 95% range (cf Introduction). Vq = volume of dead space gas,

Subjects

no.



48. RESPIRATORY DEAD SPACE AND CHANGE IN FUNCTIONAL RESIDUAL CAPACITY: DOG
Determinations made on 11 dogs; tidal volume was held constant at iOO ml and rate at 10 or 12 respirations per min.
Anatomic dead space is proportional to end inspiratory lung volume, while physiologic dead space is approximately
constant over range of lung volumes studied. For definitions and clarifying information on various dead space con-
cepts, see Page 46.

100 r-

80

. 60

a

40

ZO

physiologic dead space
anatomic dead space

Pneumothorax

_i I > L
Normal

I I

Distended

_L _!_

-300 -200 -100 +100 +200

Change in Functional Residual Capacity, ml

+ 300

Contributor : Severinghaus, J. W.

Reference : Severinghaus, J. W., and Stupfel, M., J. Appl. Physiol. ^:335. 1957.

Male subjects. VD

49. SOME FACTORS AFFECTING RESPIRATORY DEAD SPACE: MAN
Part I: EFFECT OF BREATHHOLDING

volume of dead space gas. For definitions and clarifying information on various dead space
concepts, see Page 46.



49. SOME FACTORS AFFECTING RESPIRATORY DEAD SPACE: MAN (Concluded)

Part I: EFFECT OF BREATHHOLDING (Concluded)

Male subjects. Vjj = volume of dead space gas.



50. RESPIRATORY DEAD SPACE AND TIDAL VOLUME: MAN

Resting subjects. Vq = volume of dead space gas in ml. V-p = tidal volume in ml. For definitions and clarifying

information on various dead space concepts, see Page 46.

No. and Sex



52. RESPIRATORY DEAD SPACE IN PATHOLOGICAL CONDITIONS: MAN
Ranges are estimate "c" of the 95% range (cf Introduction). Vq - volume of dead space gas, V-p = tidal volume. For
definitions and clarifying information on various dead



53. DIFFUSION CAPACITY OF THE LUNGS: MAN

Dx is the amount of gas in ml (STPD) per min which diffuses through the whole lung, when a mean partial pressure
rnl £cLS

difference of one ram He exists between alveolar air and capillary blood of the lung (Ap). D = — .—^ r-^ ; therefore.

the total oxygen consumption of the lungs (Q) is as follows: Q = D02 x Ap. Calculation of D02 from Dqq. D02 -

Deo * 1-23. Calculation of DcOz from DcO' Dco^ " ^co " 24.6. Methods: A = single breath CO method of

Krogh [1], or modification [ 2) ; B = oxygen method with graphical integration of mean oxygen pressure gradient [ 3];

C = steady state CO method based on arterial CO2 tension; D = steady state CO method based on end tidal gas

sampling or assumed dead space value; E = radioactive C^^" method of Kruhoffer. Values are in most cases

corrected for lung volume at mid-capacity (sum of residual reserve and half the resting tidal volume) or for the

volume at functional residual capacity (sum of residual and reserve volume). Values in parentheses are ranges,

estimate "c" of the 95% range (cf Introduction).

Part 1: AT REST AND DURING ACTIVITY



54. ALVEOLAR-CAPILLARY DIFFUSION: MAN
Part I: PULMONARY CAPILLARY O2 PRESSURE

Mixed venous blood enters the pulmonary capillaries with p02 of 40 mm Hg. Blood normally requires about 0.7 5

seconds to pass through the capillaries, at the end of which time its p02 has risen to almost 100 mm Hg. The p02
of arterial blood is lower because of venous-to-arterial shunts.

p02 mm Hg
100

80—

Alveolar p02

60—

40 -1

I Pulm.
^^ ~ Artery

Pulm.
Veins

Systemic
Arteries

0.15 0.30 0.45 0.60 0.75

I

-^ Time (sec) in pulm. capillaries —

Reference : Comroe, J. H., Jr., Forster, R. E.. 11, DuBois, A. B., Briscoe, W. A., and Carlsen, E., "The Lung,

Chicago: The Year Book Publishers, Inc., 1956.

Part II: END- AND MEAN CAPILLARY O2 PRESSURE

The graphic and tabular presentation illustrates different rates at which venous blood may be oxygenated in pulmo-
nary capillaries, depending upon the diffusing capacity of the lung. Alveolar p02 in each case is 100 mm Hg.

p02 mm Hg
100

80 —

Alveolar p02

60

40



55. DYNAMICS OF PULMONARY CIRCULATION: MAN, DOG



55. DYNAMICS OF PULMONARY CIRCULATION: MAN, DOG (Concluded)

Contributor : (a) Gorlin, R.

References : [ l] Riley, R. L., Himmelstein, A., Motley, H. L., Weiner, H. M., and Cournand, A., Am. J.

Physiol. 152:372, 1948. [2] Hickam. J. B., and Cargill, W. H., J. Clin. Invest. 27:10, 1948. [3] Cournand. A.,

Circulation 2:641, 1950. [4] Dexter, L., Dow, J. W., Haynes, F. W., Whittenberger, J. L., Ferris, B. G.,

Goodale, W. T., and Hellems, H. K., J. CUn. Invest. 29:602, 1950. [5] Westcott. R. N., Fowler, N. O., Scott.

R. C, Hauenstein, V. D., and McGuire, J., ibid 30:957, 1951. [6] Dexter, L., Whittenberger, J. L..

Haynes. F. W., Goodale. W. T.. Gorlin. R.. and Sawyer, C. G., J. Appl. Physiol. 3:439, 1951. [7] Doyle, J. T.,

Wilson, J. S., and Warren, J. V., Circulation 5:263, 1952. [8] Doyle, J. T., Wilson, J. S., Estes. E. H.. and

Warren. J. V., J. CUn. Invest. 30:34 5, 1951. [9] Witham, A. C, and Fleming, J. W., ibid 30:707, 1951.

[10] Fowler, N. O., Westcott, R. N., Scott, R. C. and McGuire. J., ibid 30:517. 1951. [ llT Fowler. N. O.,

Westcott, R. N., Hauenstein, V. D., Scott, R. C, and McGuire, J., ibid 29:1387, 1950. [12] Harvey, R. M.,

Ferrer, M. 1., Richards. D. W.. Jr.. and Cournand, A., Am. J. Med. 1£:719, 1951. [13] Dexter, L.,

Whittenberger, J. L., Gorlin, R., Lewis, B. M., Haynes, F. W., and Spiege. R. J.. Trans. Ass. Am. Physicians
64:226. 1951. [14] Dresdale. D. T., Schultz. M.. and Michtom, R. J., Am. J. M. _U:686, 1951. [15] Gorlin,

R., Haynes, F. W.. Goodale, W. T., Sawyer, C. G., Dow, J. W., and Dexter, L., Am. Heart J. 41_:30, 1950.

[16] Lukas, D. S., and Dotter, C. T., Am. J. M. j^:639, 1952. [17] Gorlin, R., Lewis, B. M., Haynes,
F. W., and Dexter, L.. Am. Heart J. 43:357. 1952. [18] Gorlin. R.. Matthew. M. B.. MacMiUen. I. K.. Daley,

R.. and Medd. W. E., Ann. Mtg. Brit. Cardiac Soc, May 21, 1953. [19] Sawyer, C. G.. Burwell. C. S., Dexter,

L., Eppinger, E. C, Goodale, W. T., Gorlin, R., Harken, D. E., and Haynes, F. W., Am. Heart J. 44:207, .

1952. [20] Hickam, J. B.. ibid 38:801, 1949. [21] Handelsman, J. C. Bing. R. J.. Campbell, J. A., and
Greswold, H. E., Johns Hopkins Hosp. BuU. 82:615, 1948. [22] Taylor, B. E.. PoUack. A. A.. Burchell, H. B.,

Clagett, O. T., and Wood, E. H., J. Clin. Invest. 29:745. 1950. [23] Cournand, A., Baldwin. J. S.. and
Himmelstein, A., "Cardiac Catheterization in Congenitad Heart Disease." Commonwealth Fund. New York.

[24] Wood. P., Brit. M. J. 2:639, 1950. [25] Bing. R. J., Vandam. L. D., and Gray. F. D.. Jr.. Johns
Hopkins Hosp. Bull. 80:323. 1947. [26] Lewis, B. M.. and Gorlin, R., Am. J. Physiol. 170:574, 1952.

[27] Stroud, B. C, and Rahn, H., ibid 172:211, 1953.
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56. BLOOD GASES, VARIABLES, FACTORS, AND CONSTANTS: MAN
The values from which this table has been synthesized are in many instances derived by calculation from basic as-
sumptions, factors, and constants, and do not have the same validity as measured values. Those for females arc in
general less well-founded than those for males. A = arterial blood, V = mixed venous blood.



57. ARTERIAL AND VENOUS BLOOD GAS COMPARISONS: MAN. ADULT AND NEWBORN

In the adult, A = arterial blood from femoral or brachial artery; V = venous blood from internal jugular vein, unless

otherwise indicated; all values for males, under resting conditions. In the newborn (before first breath), where the

oxygenated blood goes from the placenta to the fetus via the umbilical vein, A = arterial blood from vena umbilicalis,

V = venous blood from arteria umbilicalis. Methods: A-R = calculated from alkali reserve, Henderson nomogram,
and CO2 content; D-M = potentiometric measurement with the dropping- mercury electrode; G-E = measurement with

glass electrode; H-H = calculated from the Henderson-Hasselbalch equation, using 6.10 for pK'; P-A = calculated

from pH and arterial CO2 content converted to plasma CO2 content by use of the Henderson-Hasselbalch equation;

R-C = Van Slyke-Neill manometric method with Roughton corrections for O^ capacity; V-N = Van Slyke-Neill mano-

metric method. Values in parentheses are ranges, estimate "c" of the 95% range (of Introduction).



58. ARTERIO-VENOUS O2 AND CO2 DIFFERENCES; MAN. DOG, MONKEY

Single observation on each subject, unless otherwise specified. All blood gases measured by raanometric method

of Van Slyke and Niell [ l], with the exception of Line 6, Column D (measured by method of Roughton and

Scholander [ 2]). Values in parentheses are ranges, estimate "c" of the 95% range, unless otherwise specified (cf

Introduction).

Animal
Subjects

Physiologic State

A-V
I

V-A
I

Metabolic Blood
O2 CO2

I

Rate Flow Reference
vol %

I
vol %

I
ml 02/min

I
ml/ 100 g/min

(A) (B) (C) (D) (E) (F) (G) (H)

Systemic'

1



59. ARTERIO- VENOUS LACTATE AND PYRUVATE DIFFERENCES IN VARIOUS STRUCTURES: MAN
Methods: C = colorimetric, highly specific, greatly delayed collection technique [ 1 ]; D = distillation, relatively

high (non-specific), delayed collection technique [2,3]; E = colorimetric, extremely rapid collection [ 1,4]; F =

colorimetric, fairly rapid collection [ 1,5); M = colorimetric, not arterio-venous but arm vein minus hepatic vein,

directional value only [ 1,6] ; R = fairly specific, extremely rapid collection; S = specific, moderately rapid collec-

tion [ 5,6] ; U = unknown collection technique, analysis completely specific (chromatographic); Y = very specific,

extremely rapid collection [4]. All values taken in state of complete rest. Values in parentheses are ranges,

estimate "b" of the 95% range (cf Introduction).

Structure



61. BLOOD LACTATE VENOUS LEVELS IN CONDITIONS OF REST,
EXERCISE, AND HYPERVENTILATION; MAN

Data, except for Lines 4 and 7, were obtained on tungstic-acid filtrate via KMn04 oxidation to aldehyde, and
titration of bound aldehyde by iodine. Data for Line 4: through conversion to aldehyde by concentrated H2SO4, and
color formation with para-phenyl phenol. Data for Line 7: by oxidation with KMn04 and measured as CO2 mano-
metrically in Van Slyke apparatus. Values are expressed in mg/100 ml. Values in parentheses are ranges, esti-

mate "c" of the 95% range (cf Introduction).

Observations



63. ARTERIO- VENOUS GLUCOSE DIFFERENCES AS INFLUENCED BY ALIMENTARY HYPERGLYCEMIA: MAN

Non-glucose reducing substances are reported as glucose with the exception of Lines 7-12 where the analytical

method employed excludes non-glucose reducing substances. The values presented in Lines 7-12 are, therefore,

accurate reflections of true blood glucose and A-V differences.

„ . . . Observation!
Subjects .



64. EFFECT OF TEMPERATURE CHANGE ON BLOOD CO2 AND O2 PRESSURES: MAN, DOG

These line charts illustrate the effect of changes in temperature on CO2 and O^ tensions in human or dog blood
sealed in an anaerobic environment. The values are applicable to either in vitro or in vivo conditions. Error
increases progressively as pH and temperature deviate from standard values of 7.4 and 37°C respectively.

AT = temperature change in °C.

CO, O2

AT P cool

P warm

—1— 1.00

.99

AT P cool

0.5

2 —

6 —

I

7

8

9

10

11

12

.98

.97

.96

— .95

.94

.93

.92

.91

.90

.89

.88

.87

.86

.85

.80

— .75

- — .70

.65

.60

P warm

—M— 1.00

_ - .99

0.5 —

7

8

9

10

1 1

12

13

.98

.97

.96

.95

.94

.93

.92

.91

.90

.85

— .80

.75

.70

.65

.60

— .55

.50

Contributor : Severinghaus, J. W.
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65. TEMPERATURE AND pH VS SERUM pK': MAN, DOG

This nomogram allows for calculation of serum pK' for carbonic acid in man and dog when pH and temperature are
known. Mean pK' at 37.50C and pH 7.40 = 6.090.

Temp
°C

45—

pK' pH

40-

35 —

30-

•b.OO

-6.02

.8.0

6.04

.b-Ofc .i.a

6.08

6.10

6.12

6.11

.l.b

.T.*

25

20_

15 —

10 —

•
b.lfe

6.18

.1.2

.1.0

6.28

6.30

J. Appl. Physiol. 9:197, 1956.

Contributor : Severinghaus, J. W.
Reference : Severinghaus, J. W., Stupfel, M.. and Bradley, A. F.

66. H2CO3 DISSOCIATION CONSTANTS: MAN, DOG, OX
The first apparent dissociation constants of H2CO3 are the same for man, dog, and ox. Methods used were gasoraet-

ric or glass electrode. Values in parentheses are ranges, estimate "c" of the 95% range (cf Introduction).

Medium



67. BLOOD CO2 ABSORPTION AS FUNCTION OF CO2 PRESSURE: MAN

Data are for normal blood at temperatures corrected to 37°C. [l] Values for oxygenated blood are means of values

in the literature, the 100% range being approximately ± 5 ml gas per 100 ml blood; other data are calculations based

upon these means. [2-11] Major factors which influence CO^ absorption include state of oxygenation, temperature,

hemoglobin concentration, and alkali reserve. [1,6-9,11-13]

PC02
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69. DATA FOR CONSTRUCTING BLOOD O2 DISSOCIATION CURVES

Lowest oxygen tension, in mm Hg, at which respiratory blood pigment (hemoglobin, unless otherwise indicated) is

95% or more saturated, is referred to as tension of saturation: that at which the pigment is 50% saturated (i.e., when
unoxygenated pigment equals oxygenated pigment) is called the tension of half- saturation and indicated as "t. 2 sat."

The tension of half- saturation for a specific pigment establishes the upper limit of tissue oxygen tension and the

lower limit of environmental oxygen for the function of that pigment. When per cent saturation is plotted as ordinate
against oxygen pressure as abscissa, the "position" (O^ pressure required to produce 50% saturation) of the resultant
dissociation curves differs from species to species, and varies greatly within the same species with changes in pH,
temperature, and dilution. The "shape" is not affected by these factors, in that the curves may be superimposed
upon each other by multiplying p02 (t. j sat.) of standard curve for man by a suitable factor "f"[ ij. This is true
only as a first approximation, for certain fish show some change in shape with changes in PCO2, and sheep hemo-
globin at low O2 pressures has definite changes in shape as pH is varied [ 2] . The figure below illustrates dissocia-
tion curves for two animals whose blood has a low affinity for oxygen, i.e., a high t. j sat. (pigeon, crocodile), and
for two others (arenicola, eel) showing a high affinity and low t. j sat. In the tables below, values in brackets are
calculated "f" factors.

lOOr

080

X60

«40

£20

/



69. DATA FOR CONSTRUCTING BLOOD O^ DISSOCIATION CURVES (Continued)

Values in brackets are calculated "f" factors.

Part U: MAMMALS (Continued)

Animal



69. DATA FOR CONSTRUCTING BLOOD O2 DISSOCIATION CURVES (Continued)

Values in brackets are calculated "f" factors.

Part U: MAMMALS (Concluded)

Animal



69. DATA FOR CONSTRUCTING BLOOD O^ DISSOCIATION CURVES (Continued)

Values in brackets are calculated "f" factors.

Part IV: REPTILES (Concluded)

Animal



69. DATA FOR CONSTRUCTING BLOOD Oj DISSOCIATION CURVES (Continued)



69. DATA FOR CONSTRUCTING BLOOD O^ DISSOCIATION CURVES (Concluded)

Part VII: INVERTEBRATES (Concluded)

Animal



70. BLOOD O2 DISSOCIATION LINE CHARTS: MAN

USE OF CHARTS:

Changes in temperature and pHs (serum) alter the position but not the shape of the oxygen dissociation

curve. Dissociation curves for various values of pHs and temperature for man may be computed from the one

standard curve for normal human blood at 37°, pHs 7.4, by multiplying all the pO^ values by factors for tempera-
ture and pHs. The left-hand line gives factors for temperature, the next line factors for pHs. The two right-hand

line graphs give the standard oxygen dissociation curve in a form more easily read than the usual graph. The
computation is given by

Pt, pH = P x ft " fpH

where Pj pH is the p02 at temperature t and pH, P is the p02 at 37°, pHs 7.4 for the same % saturation, given on

the standard curve, and ft and fpn are the multipliers obtained from the line charts.

Examples of the use of these charts follow:

1) Problem : Prepare a complete oxygen dissociation curve for 30°, pH 7.6.

Method : The factor for 30° is 0.74, and for pH 7.6 is 0.80. Their product is 0.59. Multiply all p02 values in

the standard curve by 0.59; i.e., for 50% saturation, pO^ in the new curve is 26.4 x 0.59 = 15.6 mm Hg.

Z) Problem : Arterial blood taken during surgery had 88% saturation by Van Slyke manometric methods. pH was
7.56 at body temperature of 33.8°C. What is the pOz?

Method : From the standard dissociation curve, right-hand line, at 88% saturation, pO^ = 57 mm Hg. The
factors are, for pH, 0.84 and for temperature, 0.87. pO^ = 57 x 0.84 x 0.87 = 41.6 mm Hg in the

patient.

To convert tension to saturation, factors are used as dividers:

3) Problem : Arterial blood from a febrile subject had a p02 of 73 mm Hg, determined at body temperature, 40°C,

using a Roughton Scholander syringe. pHs, corrected to 40°, was 6.98. What is the % saturation?

Method: Factors are 1.14 for temperature, and 1.52 for pHs.

sociation curve, this equals 77% saturation.

73

1.14 X 1.52
= 42.1 mm Hg. From the dis-

4) Problem : Blood taken from a heart-lung by-pass machine was found to have a p02 by polarograph of 65 mm Hg
and pHs of 7.72, both having been measured at 37°. The blood in the machine was at 30°. What is

the % saturation, and the p02, in the machine?

Method : Since the blood was warmed anaerobically to 37° for pHs and p02 measurement, its saturation was
unchanged, and the only correction needed to calculate saturation is that for pHs. This, for 7.72 is

65
0.70.

0.70
= 93 mmHg, which from the dissociation curve reads 96.4% saturation.

To find p02 at 30°, first the pHs at 30° must be computed from the whole blood pHs factor, -0.0147

units per degree [ l] . -7° x -0.0147 = +0.103. Inasmuch as pHs rises as temperature falls, 0.103 is

added to 7.72 ( = 7.82). The factor for pH 7.82 is 0.63 and for 30° is 0.74. 93 x 0.63 x 0.74 = 43.3

mm Hg p02 in the machine. A simpler method of correcting the p02 from 37° to 30° is given in the

line chart on page 62 (correction of p02 and PCO2 of blood in vitro for temperature changes).

The standard dissociation curve, and the pHs and temperature factors are taken from curves published by
Dill and Forbes [ 2, 3] . Tensions at the high end of the curves were taken from Nahas, etal [4] . These are assumed
to be average curves, subject to some variation in normals and perhaps great variation in disease, particularly

diabetes and anemia. The chief reason for variation is failure of intracellular pHc, which actually determines the

affinity of hemoglobin for oxygen, to be constantly related to serum pHs.

Contributor : Severinghaus, J. W.

References: ( l) Rosenthal, T. B.

Physiol! 132:685, 1941. [3] Dill,

Research, Washington, 1944. [4]

, J. Biol. Chem. 173:25, 1948. [2] Dill, D. B., and Forbes, W. H.. Am. J.

D. B., "Handbook of Respiratory Data in Aviation," Committee on Medical
Nahas, C. G.. Morgan. E. H.. and Wood. E. H., J. Appl. Physiol. 5:169,1952.
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70. BLOOD O2 DISSOCIATION LINE CHARTS: MAN (Concluded)

pOz



71. BLOOD 02 DISSOCIATION CURVES: MAN

Part I: AT VARIOUS pH VALUES
Theory and method of development of straight line curves given in headnote and in Parts I and II of Table 72.

98.



71. BLOOD 02 DISSOCIATION CURVES; MAN (Concluded)

Part II: AT VARIOUS TEMPERATURES
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73. 02 CAPACITY OF UMBILICAL VEIN BLOOD AT VARIOUS STAGES OF PREGNANCY: MAN

Values in parentheses are ranges, estimate "c" of the 95% range (cf Introduction).

Duration of Pregnancy



75. O^ PRESSURE GRADIENT BETWEEN FETAL AND MATERNAL BLOOD: MAN
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80. ACID- BASE IMBALANCE OF BLOOD: MAN (Concluded)

Part IV: PATHWAYS

Any point on this acid-base diagram [ ij gives simultaneously occurring values of four variables: (1) whole blood

buffer base (BB)[j, the metabolic factor in the disturbance; (2) CO^ pressure (pC02), the respiratory factor;

(3) plasma CO^ content; and (4) pH. The scale of (BB)(^ is strictly accurate only for oxygenated human blood at 37*^C

having a hematocrit value of 45% or hemoglobin concentration of 15 g/100 ml. The width of the buffer base bar
corresponds to the "normal" range of arterial pCO^ selected, namely, 35-45 mm Hg. Similarly, the width of the

pCO^ bar is the normal range for (BB)|,, from 4b- 52 mEq/L. The heavy arrows represent typical average path-

ways of the four principal types of acid-base disturbance (Part II). They are based on observations of the contribu-

tor and colleagues [ 1-4] , but are representative of similar clinical data in the literature. In metabolic acidosis,

respiratory compensation is almost alw-ays present [2] ; in metabolic alkalosis, respiratory compensation is fre-

quently absent, especially under clinical conditions [3, 4] . In acute, experimental, respiratory disturbances the

pathways are in the horizontal pC02 bar, with virtually no change in (BB)^^ [ 5] . The four mixed types of acid-base
disturbance are not shown on the diagram, but the possible areas may be located from the classification in Part III.

Examples of these disturbances are mixed acidosis in thoracic surgery under ether anesthesia [ 6] , mixed alkalosis

in many dyspneic patients with congestive heart failure [ 7] , mixed hypercapnia in some cases of cor pulmonale [ 4],

and mixed hypocapnia in severe salicylate intoxication [ 2] .

BUFFER BASE EXCESS

pH

CO? DEFICIT
15'

Respiratory
acidosis

with

renal

compensation

5ry compensation

BUFFER BASE DEFICIT

Contributor : Singer, R. B.

References : ( I] Singer, R. B., Am. J. M. Sc. 2£I^:199, 1951. [2] Singer. R. B., Medicine, Bait. 33:1, 1954.

[3] Singer, R. B., Deering. R. C, and Clark, J. K., J. Clin. Invest. 35:245, 1956. [4] Singer, R. B., unpublished.

(5) Shock, N. W., and Hastings. A. B.. J^l_2:239, 1935. [6) Beecher, H. K., and Murphy, A. J.. J. Thorac. Surg.

19:50, 1950. [7] Squires. R. D.. Singer, R. B., Moffitt, G. R.. Jr.. and Elkinton, J. R. , Circulation, N. Y. 4:697,

1951.
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81. ERYTHROCYTE AND HEMOGLOBIN VALUES: MAN (Concluded)

Contributors : (a) BetheU. F. H.. (b) Carlsen, E., (c) CoUier, H. B., (d) Dole, V. P.. (e) Ebaugh. F. G.. Jr..

(f) Ferguson, J. H.. (g) Gram, H. C, (h) Guest, G. M., (i) Hirschboeck. J. S., (j) Osgood, E. E.. (k) Ponder. E..

(U Riser, W. H., Jr.. (m) Van Slyke, D. D.

References : ( l) BetheU, F. H., "Clinical Laboratory Diagnosis and Essentials of Hematology," Ann Arbor, Mich.:

The Edwards Letter Shop, 1948. [2] Osgood. E. E.. Arch. Int. M. 56:849. 1935. [3] Ponder, E. in "Medical
Physics," (Glasser. Otto, ed.). p 597. Chicago: Year Book Publishers, 1944. [4] Drabkin, D. L.. Physiol. Rev.
M:345. 1951. [5] Huff, R. L., and Feller, D. D.. J. Clin. Invest. 35:1, 1956. [6] Van Slyke. D. D. , et al, J. Biol.

Chem. _m:305. 1950. [7] Ebaugh, F. G., Jr., Levine, P., and Emerson, C. P., J. Laborat. Clin. M. 46:409.1955.

[8] Drabkin, D. L., Am. J. M. Sc. 209:268, 1945. [9] Grinstein, M.. and Moore, C. V., J. Clin. Invest. 28:505.

1949. [10] Ebaugh, F. G., Jr., Rodman, G. P., Jr., and Peterson, R. E. , unpublished, [ll] Callender, S. T.,

Powell, E. O., and Witts. L. J., J. Path. Bact., Lond. 57:129, 1945. (12] Gram, H. C, Am. J. M. Sc. 168:521,

1924. [13] Abramson, H. A., J. Gen. Physiol. 1^:711, 1929. [14] Donelson, E. G.. et al. Am. J. Physiol. 128:382,

1940. [15] Ponder, E., "Hemolysis and Related Phenomena." New York: Grune and Stratton, 1948.

[16] Westergren. A.. Am. Rev. Tuberc. _U:94, 1926. [17] Wintrobe, M. M., and Landsberg, J. W., Am. J. M. Sc.

189:102, 1935. [18] Cutler, J. W., ibid 1^:643, 1932. [19] Doland, G. A., and Worthley, K., J. Laborat. Clin.

M. 20:1122, 1935. [20] Giffin, H. Z.. and Sanford. A. H., ibid 4:465, 1919. [21] Parpart, A. K., et al, J.Clin.
Invest. 26:636, 1947.
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83. ERYTHROCYTE AND HEMOGLOBIN VALUES IN FETUS, NEWBORN.
AND ADULT FEMALE: MAMMALS (Continued)

Values given for adult female are not necessarily those of the mother. Values in parentheses are ranges and con-

form, unless otherwise specified, to estimate "c" of the 95% range (cf Introduction).

Stage of

Development



83. ERYTHROCYTE AND HEMOGLOBIN VALUES IN FETUS,
AND ADULT FEMALE: MAMMALS (Concluded)

NEWBORN,

Values given for adult female are not necessarily those of the mother. Values in parentheses are ranges and con-
form, unless otherwise specified, to estimate "c" of the 95% range (cf Introduction).

Stage of

Development



84. ERYTHROCYTE AND HEMOGLOBIN VALUES FROM BIRTH TO MATURITY: MAN (Concluded)

Values are smoothed means from plotted curves. Values in parentheses are ranges and conform, unless otherwise

specified, to estimate "c" of the 9 5% range (cf Introduction).

Age



S "

o
B
V



— _ V



86. ERYTHROCYTE AND HEMOGLOBIN VALUES: VERTEBRATES (Concluded)

Contributors : (a) Aliland, P. D., (b) Bethell. F. H., (c) Cronkite. E. P., (d) Hart, J. S.. (e) Kisch. B.,

(f) McCutcheon, P". H., (g) Musacchia. X. J., (h) Osgood, E. E., (i) Root, R. W., (j) Young. I. M.

References : [ l] Bethell, F. H., "Clinical Laboratory Diagnosis and Essentials of Hematology," Ann Arbor, Mich.
The Edwards Letter Shop, 1948. [ Z] Osgood, E. E., Arch. Int. M. 5^:849, 1935. [3] Ponder, E. in "Medical
Physics, " (Glasser, Otto, ed.), p 597, Chicago: Year Book Publishers, 1944. [4] Drabkin, D. L., Physiol. Rev.
21.:345, 1951. [5] Donelson, E.G., et al. Am. J. Physiol. ^18: 382, 1940. [6] Hafez, E. S., and Anwar, A.,

Nature, Lond. r74:611, 1954. [7] Albritton, E. C. , "Standard Values in Blood," Philadelphia: W. B. Saunders Co.,
1952 (values from Table 42). [8) Wintrobe, M. M., Fol. Haemat., Lpz.5J_:32, 1934. [9] Fulton, G. P., Joftes,

D. L., Kegan, R., and Lutz, B. R., Blood, N. Y. 9:622, 1954. [ 10] Sturkie, P. D.. "Avian Physiology," Ithaca.

N. Y.: Comstock, 1954. [11] Altland, P. D., and Parker, M., unpublished. [12] Field, J. B., Elvehjem, C. A.,

and Juday, C, J. Biol. Chem. J_48:261 , 1943. [13] Kisch, B.. Exp. M. and Surg. 9:125, 1951.

87. ERYTHROCYTE AND HEMOGLOBIN VALUES AT SEA LEVEL AND ALTITUDE; VERTEBRATES

Values are for acclimatized animals. SL = sea level.



88. ERYTHROCYTE AND HEMCXJLOBIN VALUES AT SEA LEVEL AND ALTITUDE: MAN

Values are for male residents, unless otherwise indicated. Values in parentheses are ranges and conform, unless

otherwise specified, to estimate "c" of the 95% range (cf Introduction). SL = sea level (altitude less than 0.4 km).

Country
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91. CYTOCHROME SYSTEM

The cytochromes are part of the terminal oxidation system <oxygen reduced by the hydrogen atoms from various

reduction. The energy of the various partial oxidations is used to form adenosine triphosphate (ATP) from adenosine
process is known as "oxidative phosphorylation." [1-3] The following schematic drawing shows some of the known
oxidized.

Various
/ substrates \

Various substrates _TPNH+H+^ ^ DPN+ Flavin --v. /(e.g., succinate) \

(e.g., glucose- \ /^ \/^ N 1

6-phosphate) \ DehydrogenaseM Transhydrogenase^ V Dehydrogenases'*/

N- TPN+ -^ ^ DPNH + H+ FlavinHz Products
/

I \

(i.e., substrates

/ 13 In less ZH)

Products ,, I

/ u . . 1 lui Various ^ '

(substrate less 2H) _ . . \substrates \ ^».dPNH + H+-̂ JT' FlavinH^

Products / —
(i.e., substrates

less 2H)

I Dehydrogenases' I Dehydrogenase

/ ^- DPN+ -^ ^ Flavin

V
Phosphorylating

System I:

ADP+Pi — ATP

IM^XiTae substrates are activated by DPN-specific, some by TPN-specific dehydrogenases. DPN (diphosphopyridine
II, respectively. /2/ Transhydrogenase catalyzes transfer of hydrogen from reduced TPN to DPN. /3/ The dotted

from the action of a DPN-specific dehydrogenase. /4/Succinic dehydrogenase, for example, is a typical flavoprotein

reduce the flavin prosthetic group of a dehydrogenase directly in the respiratory chain, or /6/ reduce the heme
is destroyed by BAL (British Anti- Lewisite, or 1, 2-mercaptopropanol) influences the interaction of cytochrome-b
A. 15]

Contributor: Morton, R. K.

References : \.\\ Chance, B., and Williams, G. R.,

l4] Slater, E. C, Biochem. J., Lond. 45:14, 1949.

J. Biol. Chem. 2r7:429, 1955. [2] Chance. B.. Williams

[5] Potter. V. R., and Reif, A. E., J. Biol. Chem. 194:287,

126



OF MITOCHONDRIA

substrates, thus forming water). Each step, as indicated in the diagram below, involves both oxidation and
diphosphate (ADP) and inorganic phosphate (Pi), by coupling with the various phosphorylating enzyme systems. This
components of the respiratory chain. Up to three molecules of ATP may be synthesized per molecule of DPNH

Flavin --^,^ 2 cyt-b

\/ (Fe+++)

I

Dehydrogenases'*
|

ivin-H?

—

^ N»• Flav 2 cyt-b

(Fe++)

BAL- sensitive

6 factor^

1
2 cyt-b ^ 111 cyt-C|

(Fe++) V (Fe++)

2 cyt-b

(Fe+++)

' 2 cyt-cr

(Fe++^^)

2 cyt-c

(Fe+++")

Ferro- cytochrome-

c

oxidase system

2 cyt-a

{Fe+++)

HzO

I •-'2

Phosphorylating
System II:

ADP+ Pi — ATP

Phosphorylating
System III:

ADP+Pi — ATP

nucleotide) and TPN (triphosphopyridine nucleotide) are commonly used abbreviations for Coenzyme 1 and Coenzyme
arrow indicates that reduced DPN arising by transhydrogenase action eventually may pool with reduced DPN formed
dehydrogenase of the respiratory chain. /5/ The dotted arrows indicate that the reduced flavoprotein may either

prosthetic group of cytochrome b, which is part of the respiratory chain. /7/ Slater has shown that a factor which
with cytochrome- c. ( 4] This may be identical with a factor which is sensitive to low concentrations of Antimycin

G. R.,

1952.

Holmes, W. F.. and Higgins, J., ibid 217:439, 1955. [3] Slater, E. C. Chem. wbl., Arast. 53:180, 1957.
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93. MAXIMAL BREATHING CAPACITY: CHILDREN AND ADOLESCENTS

Maximal breathing capacities, of seated subjects, were measured in a Benedict-Roth type spirometer (Collins

ventiloraeter) with the soda lime container and valves removed. MBC values have been corrected to BTPS conditions
(cf Page 1); those in parentheses are ranges and conform to estimate "b" of the 95% range (cf Introduction).

Part I: VS AGE



93. MAXIMAL BREATHING CAPACITY: CHILDREN AND ADOLESCENTS (Concluded)

Maximal breathing capacities, of seated subjects, were measured in a Benedict-Roth type spirometer (Collins

ventiloraeter) with the soda lime container and valves removed. MBC values have been corrected to BTPS conditions

(cf Page 1); those in parentheses are ranges and conform to estimate "b" of the 95% range (cf Introduction).

Part lU: VS WEIGHT

Subjects weighed without heavy clothing.



94. MAXIMAL BREATHING CAPACITY: MAN
Ventilatory values have generally been corrected to BTPS conditions (cf Page 1). Values in parentheses are ranges
and conform to estimate "c" of the 95% range (of Introduction). Ventilatory data of Shock conform to estimate "b."

Age Height

cm
Weight
kg

Surface Area
sq m

MBC
L/min

Author Reference

(A) (B) (C) (D) (E) (F) (G)

Males
1



95. MECHANICS OF BREATfflNG

Although a large literature has accumulated on the mechanics of breathing, comparison of results often is difficult

because of differences in experimental technique. Measurements of lung compliance may yield different results

when the elastic pressure changes are measured during spontaneous or rapid breathing, as against those measured
under true static conditions when air flow is stopped for a second or more. An additional complication in measure-
ments of compliance arises because the pressures observed during slow volume changes depend on the previous

degree of expansion of the lungs. (Part I illustrates slow pressure-volume changes in the cat; similar lung behavior

has been observed for other mammals, including man.) Thus lung compliance determinations depend on whether

measurements are made (1) from the normal resting volume. (2) after a deep inspiration, or (3) with the functional

residual capacity decreased, either voluntarily or involuntarily, from effects of posture or anesthetics. Most of the

measurements given in the tables below have been made from the resting lung volume, usually in sitting individuals.

The reservations cited above apply also to measurements of lung resistance; furthermore, the measured resistance

may depend on the lung volume, as well as on the frequency of breathing.

Contributor: Radford, E. P., Jr.

Parti; SLOW PRESSURE-VOLUME CURVES: CAT

Cat, weighing 3.7 kilograms, lungs exposed, lay in tank respirator; lung volume changes were produced by slowly

decreasing tank pressure. Three different inflation curves were obtained after the lungs had been allowed to deflate

to various pressures. Each inflation or deflation curve required 20-30 seconds.

350

E
a
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95. MECHANICS OF BREATmNG (Continued)

Part U; INTRAPULMONARY PRESSURES AT VARIOUS LUNG VOLUMES: MAN

All measurements made on males in sitting position. Mean lung volumes are per cent of vital capacity at ambient

pressure. Values in parentheses are ranges, estimate "b" of the 95% range (cf Introduction).

Maximum Expiratory Pressure



95. MECHANICS OF BREATHING (Continued)

Part IV: INTRAPLEURAL PRESSURES: MAN

Values expressed as gauge pressures (cm of H2O less than ambient atmospheric pressure).

No. and Sex



95. MECHANICS OF BREATmNG (Continued)

Part VII: PULMONARY COMPLIANCE; MAN

Two standard methods of measuring pulnnonary compliance give similar results in normal subjects. Static Method :

The intra- esophageal pressure upon interruption of air flow after an inspiration of 0.5 and 1.0 L, is subtracted from
the intra-esophageal pressure upon interruption of air flow at the end expiratory level. Compliance is expressed as

L/cm H^O pressure difference. Dynamic Method : The intra-esophageal pressure at the instant of zero air flow

after inspiration, is subtracted from the intra-esophageal pressure at the instant of zero air flow after expiration.

This pressure difference during normal breathing is divided into the tidal volume of that breath. The value is

usually expressed as an average for 5 or 10 breaths. Capacity values are for ATPS. Values in parentheses are
ranges and are estimate "c" of the 95% range (cf Introduction), unless otherwise indicated.

Condition



95. MECHANICS OF BREATHING (Concluded)

Part IX: PULMONARY COMPLIANCE: VERTEBRATES

Animal
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101. VENTILATION AND GAS EXCHANGE VS EXERCISE AND RECOVERY: MAN

Data from subjects clinically free of pulmonary or cardiovascular disease and in basal conditions. Values for males
and females calculated separately. STPS conditions. [l] Ranges in parentheses conform to estimate "b" of the 95%



102. EFFECTS OF EXERCISE ON PULMONARY FUNCTION AND HEART RATE: MAN
Values in parentheses are estimate "c" of the 95% range (cf Introduction).

Parti: MALES. 4-33 YEARS

Values obtained over a six-minute period during maximal work on a treadmill or bicycle ergometer.

Variable



102. EFFECTS OF EXERCISE ON PULMONARY FUNCTION AND HEART RATE: MAN (Concluded)

Values in parentheses are estimate "c" of the 95% range (cf Introduction).

Part III: FEMALES, 4-25 YEARS

Values obtained over a six- minute period during maximal work on a treadmill or bicycle ergometer.

Variable



104. SUMMARY, EFFECTS OF EXERCISE ON PULMONARY FUNCTION AND
HEART RATE: MEN AT VARIOUS AGES

AH values obtained over a five- or six- minute period during maximal work on a treadmill or bicycle ergometer.

b

5 -

J 4

3

2

.5 3

E
-^ 2

32

^ 24

£ 20

16

210

190

170

120

g 100

S 80

-5 60

40

60

30

• = Astrand ( 1

)

X = Robinson [ 2

^ = Astrand, physical educ. students f l]

Vertical lines denote range

Vital capacity

X -X.

10 20 30

Yr

40 50 60

Contributor : Asmussen, E.

References : [ l] Astrand, P. -O.. "Experimental Studies of Physical Working Capacity in Relation to Sex and Age,

Copenhagen: Ejnar Munksgaard, 1952. [2] Robinson, S., Arbeitsphysiologie 1^:251 , 1938.
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The oxygen requirement per m
given minute if an oxygen debt

Values in parentheses are calc

weighing 70 kg are proportiona

105. ENERGY COST OF PRCX;RESSI0N; MAN
inute for a given rate of energy expenditure may exceed the oxygen uptake during any
is being accumulated, resulting in very high values for level running and swimming,
ulations, assuming one liter of O^ = 5 Calories. Values for all subjects listed as
1 calculations from values for subjects of other weights.

Activity



105. ENERGY COST OF PROGRESSION: MAN (Continued)

The oxygen requirement per minute for a given rate of energy expenditure may exceed the oxygen uptake during any
given minute if an oxygen debt is being accumulated, resulting in very high values for level running and swimming.
Values in parentheses are calculations, assuming one liter of O^ = 5 Calories. Values for all subjects listed as

weighing 70 kg are proportional calculations from values for subjects of other weights.

Activity



105. ENERGY COST OF PROGRESSION: MAN (Continued)

The oxygen requirement per minute for a given rate of energy expenditure may exceed the oxygen uptake during any
given minute if an oxygen debt is being accumulated, resulting in very high values for level running and swimming.
Values in parentheses are calculations, assuming one liter of O2 = 5 Calories. Values for all subjects listed as

weighing 70 kg are proportional calculations from values for subjects of other weights.

Activity



105. ENERGY COST OF PROGRESSION: MAN (Concluded)

Contributors : (a) Riley, R. L.. and Johns, C. J., (b) Morehouse, L. E., and Cherry, R. B., (c) Asmussen, E.,

(d) Chapin, J. L., (e) Douglas, C. G.

Reference s: [ l] Passmore, R., Thomson, J. G., and Warnoch, G. M., Brit. J. Nutrit. 6:253, 1952. [2] Boothby,
W. M., Berkson, J., and Dunn, H. L., Am. J. Physiol. m:468, 1936. [3] Quiggle, A. B., and Kottke. F. J., Bull.

Univ. Minnesota Hosp. XXVI, No. 4, 1954. 14) Morehouse, L. E., and Cherry, R. B., "Energy Cost of

Progression," National Academy of Sciences Contract No. W 44-109 q.ra. 305, Subcontract QMC 65, July 22, 1946.

[5] Talbott, J. H., et al, J. Biol. Chem. 78:445, 1928. [6) Boje, O., Acta physiol. scand. 7:362, 1944. [7] Glasow,
W., and Mijller, E. A., Arbeitsphysiologie 14:319, 1950. [8] Christensen, E. H., and Hogberg, P., ibid J_4:292,
1950. [9] Briggs, H. , J. Physiol., Lond 54:292, 1920. [10] Smith, H. M., Carnegie Institution of Washington Pub.
No. 309, 1921. [11] Erickson, L. E., Simonson, H. L., Taylor, H. A., and Keys, A., Am. J. Physiol. 145:391.

1946. [12] Asmussen, E., unpublished. [13] Sargent, R. M.. Proc. Roy. Soc, Lond., B]^:10, 1926.

[14] Christensen, E. H., and Hogberg, P., Arbeitsphysiologie M: 249, 1950. [15] Hansen, E., unpublished.

[16] Hansen. E., Arbeitsphysiologie 8: 1 51 . 1934. [17] Zuntz, L., Pfluger's Arch. 70: 346, 1898. [18] Astrand,
P.-O., Arbeitsphysiologie 1^:23, 1953. [19] Uljestrand, G., and Lindhard, J., Skand. Arch. Physiol., Berl.

39:215. 1920. [20] Henderson, Y., and Haggard, H. W.. Am. J. Physiol. 72:264, 1925. [2l] Liljestrand, G., and
Stenstrom, N., Skand. Arch. Physiol., Berl. 39:167, 1920. [22] Liljestrand, G., and Stenstrom, N.. ibid 39:1.

1920. [23] Karpovich. P. V., and LeMaistre, H., Res. Quart. Am. Ass. Health 12:40. 1940. [24] Fredertksen, R.,

Tidsskrift for Legems^velser 1945 :49. [25] Karpovich, P. V., and Millman. N.. Am. J. Physiol. \AZ:\40, 1944.

106. O^ REQUIREMENT AT VARIOUS RUNNING AND WALKING SPEEDS: MEN

Oxygen Requirement, L/min

Contributor : Henry, K. M.

ISO



107, EFFECT OF BREATmNG N^ ON RESPIRATORY
RATE, TIDAL AND MINUTE VOLUMES: MAN



lU. EFFECT OF REDUCED BAROMETRIC PRESSURES ON PULMONARY
FUNCTION AND HEART RATE: MAN

Eight trained subjects, sealed and breathing air through a face mask from a Pioneer demand valve, in a high alti-

tude chamber. After 20-minute period at ground level (540 feet above sea level), during which control measurements
were made, ascent to desired altitude occurred at rate of 4500 feet per minute. Each subject was exposed from
ground level to experimental level, with at least a one- day interval between successive exposures. Values are
averages.

Exposure



111. EFFECT OF REDUCED BAROMETRIC PRESSURES ON PULMONARY
FUNCTION AND HEART RATE: MAN (Concluded)

Exposure



Hi.
ON PULMONARY FUNCTION AND HEART RATE: MAN

Four trained subjects, seated and breathing air through a face mask from a Pioneer demand valve in a high altitude

chamber at simulated altitude of 16,000 feet. After control period of 10 minutes, subjects breathed 6% CO^ in air

for 15 minutes, followed by 10-minute recovery period also at Ifa.OOO feet. Values are averages.



113. EFFECT OF REDUCED BAROMETRIC PRESSURES AND EXERCISE ON
PULMONARY FUNCTION AND HEART RATE: MAN

Eight trained subjects, seated and breathing air through a face mask from a Pioneer demand valve, in a high altitude

chamber. At ground level and at simulated altitude of 16. 000 feet, subjects engaged in muscular work, pushing feet

alternately against pedals constructed from flat pieces of spring steel, at rate of 30 times a minute for each foot.

The mechanical work required for this task was calculated to be 49.4 kilogram-meters per minute. Work period of

10 minutes was preceded by a 10-minute control period and followed by a 10-minute recovery period. Values are
averages.
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Death results in 8-20 minutes. Values are averages of 4 dogs for first five minutes of breathing time, and of 3 dogs
thereafter.



119. EFFECT OF COMBINED ANOXIA AND HYPERCAPNIA ON ALVEOLAR CO^ AND O^: MAN

Part I: TABULAR

ApC02 = difference between ambient and alveolar PCO2; Ap02 = difference between ambient and alveolar pOj-



119. EFFECT OF COMBINED ANOXIA AND HYPERCAPNIA ON ALVEOLAR CO^ AND O^: MAN (Concluded)

Part U: GRAPmC

30 40 50 bO
Ambient pCO^. nim Hg

Contributors; (a) Behnke, A. R., (b) Swann, H. G.

Reference : Consolazio. W. V., Fisher, M. B., Pace, N., Pecora, L. J., Pitts, G. C and Behnke, A. R., Am. J.

Physiol. 151:479, 1947.
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ATMOSPHERES ON BLOOD GASES: MAN

atmosphere, E = experimental period of O^ breathing at increasec



125. EFFECT OF BREATHING O^ at 3-4 ATMOSPHERES ON RESPIRATORY RATE.
PULSE RATE, AND BLOOD PRESSURE: MAN

C = control period of air breathing at one atmosphere; E = experimental period of O2 breathing at increased ambient
pressure. Signs and symptoms: P = pallor, M - mental confusion, S = sweating, T = twitching movements of a
myoclonic nature, G = generalized type of convulsions, O = no discernible signs or symptoms.



127. EFFECT OF RAPID DECOMPRESSION FROM A HIGH PRESSURE ATMOSPHERE ON BLOOD GASES: DOG

As a result of rapid decompression, from a gauge pressure of 651b/sq in. of air for 105 minutes' duration, nascent
gas bubbles became raacroscopically visible in the circulation. Massive embolization and tachypnea supervened
after reduction of pressure to normal in 5-6 seconds (asphyxial period). Dogs were then recompressed at a gauge
pressure of 30 Ib/sq in. of air or oxygen for 84 minutes (recompression period), and finally decompressed by stages
for 30 minutes until pressure was again normal (post- recompression period). Data for asphyxial period taken
immediately prior to recompression; data for post- recompression period taken after breathing normal air for one
hour.



128. EFFECT OF DECOMPRESSION IN 5 SECONDS FROM HIGH PRESSURE ATMOSPHERES ON
RESPIRATORY RATE AND BLOOD PRESSURE: DOG (Concluded)



130. EFFECT OF DECOMPRESSION ON INTERNAL PRESSURES: DOG

Unprotected dogs decompressed from 100-200 ft equivalent depth with trachea closed, developed pulmonary interstitial

emphysema and air embolism when intratracheal pressure reached a critical level of approximately 80 mm Hg.

However, it appears that the critical factor in this development is a transpulmonic pressure of 60-70 mm Hg, or a

transatrial pressure in excess of 55-65 mm Hg, rather than an absolute level of the intratracheal pressure. Over-
distension of the lung was prevented by application of thoraco-abdominal binders, but not by abdominal binders

alone. Group A = animals without binders that developed air embolism; Group B = animals without binders that did

not develop air embolism; Group C = animals with abdominal binders that developed air embolism; Group D =

animals with thoraco-abdominal binders that did not develop air embolism. Values represent pressures in mm Hg
based on means of all animals weighted by the number of ascents.



131. EFFECT OF DRUGS ON PULMONARY
Drugs are listed alphabetically, using a well-known name. Use of trade names is for informative purposes only and
is expressed as % increase or decrease from the control value (100%). In a few instances only + or - signs are used
wise indicated. When no significant difference exists over a dosage range, the data are averaged over the range.



FUNCTION: MAN AND LABORATORY ANIMALS
in no way implies endorsement by The National Academy of Sciences- The National Research Council. Drug response
to indicate increase or decrease when quantitative data are not available. Dose is expressed in mg/kg, unless other-
Values enclosed in parentheses show the highest and lowest % change for that particular dosage level.

Tidal Volume



131. EFFECT OF DRUGS ON PULMONARY FUNCTION:
Drug response is expressed in % increase or decrease from the control



MAN AND LABORATORY ANIMALS (Continued)

value (100%). Dose is expressed In mg/kg, unless otherwise indicated.

Tidal Volume
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MAN AND LABORATORY ANIMALS (Continued)
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Tidal Volume



131. EFFECT OF DRUGS ON PULMONARY FUNCTION:
Drug response is expressed in % increase or decrease from the control



MAN AND LABORATORY ANIMALS (Continued)

value (100%). Dose is expressed in mg/kg, unless otherwise indicated.
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MAN AND LABORATORY ANIMALS (Continued)
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MAN AND LABORATORY ANIMALS (Continued)

value (100%). Dose is expressed in mg/kg, unless otherwise indicated.

Tidal Volume



131. EFFECT OF DRUGS ON PULMONARY FUNCTION:
Drug response is expressed in % increase or decrease from the control



MAN AND UVBORATORY ANIMALS (Concluded)

value (100%). Dose is expressed in mg/kg, unless otherwise indicated.

Tidal Volume



132. RESPIRATORY ACTION OF DRUGS INFLUENCING AFFERENT END-ORGANS: CAT, DOG. RABBIT

Drugs influencing baroreceptors have not been included in this table.

i.v. = intravenous; i.e. a. = intracarotid artery; i.c.b.a. = intracarotid-body artery; rt.at. = right atrium.

Drug Group



132. RESPIRATORY ACTION OF DRUGS INFLUENCING AFFERENT
END-ORGANS: CAT, DOG, RABBIT (Concluded)

Drugs influencing baroreceptors have not been included in this table.

i.v. = intravenous; i.e.a. = intracarotid artery; i.c.b.a. = intracarotid-body artery; rt.at. =: right atrium.

Drug Group



133. DIRECT ACTION OF DRUGS ON THE BRONCHI

Drugs are listed alphabetically, using a well-known name. Inclusion of trade names is for informative purposes
only and in no way implies endorsement by The National Academy of Sciences- The National Research Council. For
all "effects" included in this table, there is reasonable evidence the drug in fact acted on the bronchial musculature.
Where there was evidence that an effect was mediated by the respiratory center or adrenal glands, it was excluded.
Drug actions influencing only anaphylactic or asthmatic bronchospasm, or other pathological states of the bronchi,
were also excluded. Concentrations of drugs are given in ng/ml for local action on isolated preparations, and doses
in mg/kg for drugs administered systemically. Parentheses in Columns D and F indicate action is slight, irregular,
or doubtful, and the original literature should be consulted. A = active, but action complex (original literature

should be consulted); C = constricts; D = dilates; I = inactive.



133. DIRECT ACTION OF DRUGS ON THE BRONCHI (Continued)

A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should

be consulted.



133. DIRECT ACTION OF DRUGS ON THE BRONCHI (Continued)

A = active, but action complex (original literature should be consulted); C = constricts; D - dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should

be consulted.



133. DIRECT ACTION OF DRUGS ON THE BRONCHI (Continued)
A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should
be consulted.
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133. DIRECT ACTION OF DRUGS ON THE BRONCHI (Continued)

A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should

be consulted.



133. DIRECT ACTION OF DRUGS ON THE BRONCHI (Continued)

A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should
be consulted.



133. DIRECT ACTION OF DRUGS ON THE BRONCHI (Continued)
A. = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.
Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should
be consulted.



133. DIRECT ACTION OF DRUGS ON THE BRONCHI (Continued)
A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should
be consulted.



133. DIRECT ACTION OF DRUGS ON THE BRONCHI (Continued)

A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should
be consulted.
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133. DIRECT ACTION OF DRUGS ON THE BRONCHI (Concluded)
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134. SYMPATHOMIMETIC AMINES AND RELATED DRUGS ACTING ON THE BRONCHI

Drugs are listed to illustrate, as far as possible, the relationship between chemical structure and pharmacological
action. Inclusion of trade names is for informative purposes only and in no way implies endorsement by The National
Academy of Sciences-The National Research Council. For all "effects" included in this table, there is reasonable
evidence the drug in fact acted on the bronchial musculature. Where there was evidence that an effect was medi-
ated by the respiratory center or adrenal glands, it was excluded. Drug actions influencing only anaphylactic or
asthmatic bronchospasm, or other pathological states of the bronchi, were also excluded. Concentrations of drugs
are given in mjig/ml for local actions on isolated preparations, and doses in (ig/kg for drugs administered
systemically. Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original

literature should be consulted. A = active, but action complex (original literature should be consulted); C =

constricts; D = dilates: I = inactive.



134. SYMPATHOMIMETIC AMINES AND RELATED DRUGS ACTING ON THE
A = active, but action complex (original literature should be consulted); C = constricts

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and
be consulted.

BRONCHI (Continued)

; D = dilates; I = inactive,

the original literature should



134. SYMPATHOMIMETIC AMINES AND RELATED DRUGS ACTING ON THE BRONCHI (Continued)

A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should
be consulted.



134. SYMPATHOMIMETIC AMINES AND RELATED DRUGS ACTING ON THE BRONCHI (Continued)
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Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should
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134. SYMPATHOMIMETIC AMINES AND RELATED DRUGS ACTING ON THE BRONCHI (Continued)

A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should
be consulted.

Compound
(Synonym)



134. SYMPATHOMIMETIC AMINES AND RELATED DRUGS ACTING ON THE BRONCHI (Continued)
A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should
be consulted.
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A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should
be consulted.
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(Synonym)



134. SYMPATHOMIMETIC AMINES AND RELATED DRUGS ACTING ON THE BRONCHI (Continued)

A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should

be consulted.

Compound
(Synonym)

(A)

Species

(B)

Effect

Local
mtig/ml

(C)

Action
(D)

Systemic

Hg/kg Action

(E) (F)

Reference

(G)

Ketones (concluded)
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A = active, but action complex (original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should

be consulted.



134. SYMPATHOMIMETIC AMINES AND RELATED DRUGS ACTING ON THE BRONCHI (Continued)

A = active, but action complex {original literature should be consulted); C = constricts; D = dilates; I = inactive.

Parentheses in Columns D and F indicate action is slight, irregular, or doubtful, and the original literature should

be consulted.

Compound
(Synonym)



134. SYMPATHOMIMETIC AMINES AND RELATED DRUGS ACTING ON THE BRONCHI (Concluded)

73:233, 1913. [84] Cordier, D., and Magne, H., Ann. physiol., Par. 2:486, 1927. [85] Dixon, W. E., and Ransom, F.,

j7 Physiol., Lond. 45:413, 1912. [86] Bullowa, J. G., and Gottlieb, C, Am. J. M. Sc. 2^:98, 1920. [87] Augstein,

W., Arch. exp. Path. 169 :114, 1933. [88] Barlow, O. W., and Beams, A. J., J. Pharm. Exp. Ther. 47:111, 1933.

[89] Eichler, O., and Miigge, H., Arch. exp. Path. 159:613, 1931. [90] Epstein, D. E., J. Physiol., Lond. 76:346,

1931. [91] Foggie, P., Quart. J. Exp. Physiol., Lond._26:225, 1937. [92] Franklin, K. J., J. Pharm. Exp. Ther.

26^227, 1925. [93] De Gamrat, C, Rev. med. Suisse romande 29:245, 1909. [94] Herxheimer, H., Arch, internal,

pharm. dyn.. Par. j_06:371, 1956. [95] Jackson, D. E., J. Pharm. Exp. Ther. 4:59, 1912. [96] Januschke, H., and

PoUak, L., Arch. exp. Path. 66:205, 1911. [97] Lehmann, G., J. Pharm. Exp. Ther. 92:249, 1948. [98] Lendle, L.,

Arch. exp. Path. j_87:371, 1937. [99] Lipschitz, W., and Osterroth, J., ibid J£6: 341, 1925. [100] Lohr, H., Zschr.

ges. exp. Med. _39'6''' 1924. [101] Macht, D. I., and Ting, G. C, J. Pharm. Exp. Ther. U:373, 1921. [102] McDowall,
R. J., and Thornton, J. W., J. Physiol., Lond. 70;44P, 1930. [103] Modrakowski. G., PHugers Arch. ^58:509, 1914.

[104] Rittman, R., Wien. med. Wschr. 74:2058, 1924. [105] Rosa, L., Boll. e. Mem. del. Soc. Tosco-Umbro Emiliana

d. Med. Int. U40, 1950. [106] SoUmann, T., and Von Oettingen, W. F., Proc. Soc. Exp. Biol. 25:692, 1925.

[107] Symes, W. L., Brit. M. J. 2:12, 1915. [108] Tiefensee, K., Arch. exp. Path. 139:139, 1929. [109] Titone, F. P.,

PnUgers Arch. 155 :77, 1914. [1 10] Villaret, M., Justin- Besancon, L., and Vexenat, G., C. rend. Soc. biol. 100 :806,

1929. [Ill] Weber, E., Arch. Anat. Physiol., Lpz.. p 63, 1914. [112] Wick, H., Arch. exp. Path. 212: 133, 1950.

[113] Stutzman, J. W., and Orth, O. S., J. Pharm. Exp. Ther. 69:1, 1940. [114] Siegmund, O. H., Beglin, N.. and

Lands, A. M., ibid 97_:14, 1949. [115] Lands, A. M., Nash, V. L., McCarthy, H. M., Granger, H. R.. and Dertinger,

B.L., ibid 90:110, 1947. fll6] Hebb, C. O., and Konzett, H., J. Pharm. Exp. Ther. 96:228. 1949. [117] Feinberg, S. M.,

Malkiel, S., Bernstein, T. B., and Hargis, B. J., J. Pharm. Exp. Ther. 99:195, 1950. [118] Graham, J. D., Quart.

J. Pharm., Lond. U:362, 1943. [119] Grewal. R. S., Brit. J. Pharm.. Lond. 7:338, 1952. [120] Graham, B. E., and

Cartland, G. F.. J. Pharm. Exp. Ther. ^:360, 1944. [121] Tainter, M. L., Luduena, F. P., Lackey, R. W., and

Neuru. E. N., ibid 77:317, 1943. [122] Forster, R. H., Moench, L. J., and Clark, H. C, ibid 87:73, 1946.

[123] De Cuyper, T., Arch, internal, pharm. dyn.. Par. 72:360, 1946. [124] Marsh, D. F., J. Pharm. Exp. Ther.

94:225, 1948. [125] Marsh, D. F., and Herring, D. A., ibid 98:300, 1950. [126] MUgge, H., Klin. Wschr. 2i.:38l,

1933. [127] Swanson, E. E., and Chen, K. K., J. Pharm. Exp. Ther. 93:423, 1948. [128] Fassett, D. W., and Hjort,

A. M., ibid 63:253, 1938. [129] Hutcheon, D. E., P'an, S. Y., Gardocki, J. F., Jaeger. D. A., ibid 113:341. 1955.
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135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI

Inclusion of trade names is for informative purposes only and in no way implies endorsement by The National
Academy of Sciences-The National Research Council. For all "effects" included in this table, there is reasonable
evidence the drug in fact acted on the bronchial musculature. Where there was evidence that an effect was mediated
by the respiratory center or adrenal glands, it was excluded. Similarly, results obtained in protecting guinea pigs
against lethal doses of histamine were excluded, unless there was evidence of the relief of bronchospasm. Drug
actions influencing only anaphylactic or asthmatic bronchospasm, or other pathological states of the bronchi, were
also excluded. Concentrations of drugs are given in jjg/ml for local action on isolated preparations, and doses in

mg/kg for drugs administered systemically. Parentheses in Columns F and H indicate action is slight, irregular,

or doubtful, and the original literature should be consulted. C = constricts, D = dilates, A = antagonizes active
drug effect, 1 = inactive (i.e., without influence on effect of active drug), P = potentiates active drug effect.



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part I: PARASYMPATHOLYTICS AND LOCAL ANESTHETICS (Continued)

C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug. Parentheses in Columns F and H indicate action is slight, irregular, or doubtful, and the original

literature should be consulted.



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part I: PARASYMPATHOLYTICS AND LOCAL ANESTHETICS (Continued)

C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug. Parentheses in Columns F and H Indicate action is slight, irregular, or doubtful, and the original

literature should be consulted.

Antagonist
(Synonym)

Active Drug

Compound Effect
Species

Antagonist Effect

Local
(ig/ml [Action

Systemic
mg/kg

I

Action
Reference

(A) (B) (C) (D) (E) (F) (G) (H) <I)

86

87

88

89

90
91

92
93

94
95

96

97

98

99

Atropine (Tropine
tropate)(c oncluded)

Bellafolinel

d-Tubocurarine Dog 0.2

Xysmalobinum Cat
Histamine Man 0.01

Methacholine Man 0.01

46

86
42
42

bis-[ 1 - ( Carbo- p-diethyl-

aminoethoxy) - 1 - phenyl-

cyclopentane] - ethane di-

sulphonate(SKF 769 Jz)

Dibucaine (Nupercaine)

Furmethide Guinea pig 50

Histamine Guinea pig 75

Histamine Guinea pig

Dibutoline (Dimethyl-
ethyl- p-hydroxyethyl-
ammonium sulphate

di-n-butyl carbamate)
2, 2-Diphenyl-4-

diisopropylamino-
butyramide methyl-
iodide (R 79)

Histamine Guinea pig 100

Methacholine Guinea pig 0.6

Pilocarpine Guinea pig

Acetylcholine Guinea pig
5- Hydroxytryptamine Guinea pig

87

(A) 87

54

50,88
50

88

57

57

Homatropine sulphuric

ester
Pilocarpine Ox 400

d-Hyoscine^ (Scopine Muscarine
tropate)

100
I

d-Hyoscyamine^
(Tropine tropate)

101 jl-Hyoscyamine^
102 I

Pig

Muscarine Pig

Muscarine Cat

103 [Xidocaine (Lignocaine;

Xylocaine)

Pig

89

69

69

64

69

5 - Hydroxytryptamine Cat

104 Methantheline (Banthine;

p- Diethylaminoethyl

105 I xanthene-9-carboxylate
106 methobromide

Acetylcholine Guinea pig 0. Os-

lo.

Histamine Guinea pig 10 (A)

107 Novatropine
Methacholine Guinea pig 0.5-3

51,91

51,91.92

51,92

Acetylcholine Guinea pig 0.05-

0.1

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

Frog 0.3 (A)

Histamine Guinea pig 10 2-3

12

99
12,93

Procaine (Novocaine;
P.A.D.; p-Amino-
benzoyl-diethylamino-
ethanol)

Acetylcholine Man 50

Guinea pig

Diisop ropylfluoro-

phosphate
Dog 20-40

Histamine Man

Hydroxyphenyl- benzyl
trimethylammonium
dimethylcarbamate

Guinea pig (A)

Dog 100

5 - Hydroxytryptamine
Physostigmine
Pilocarpine

Propantheline
(Pro- Banthine)

Acetylcholine
Histamine
5 -Hydroxytryptamine
Methacholine
M ethyl- furmethide
Nicotine

Cat

.P<?g^
100-200

Guinea pig

Guinea pig 0.2-10.0

Guinea pig 0.2-10.0

Guinea pig

Guinea pig

I.O-IO.O

0.1-10.0

Guinea pig 0.2-2.0

Guinea pig 1.0-10.0

94
95

96
(A) 4.52,54,94

95

95
94
16
16

16

16

16

16

Scopolamine (l^Hyoscine;

Scopine tropate)

Acetylcholine Dog O.l-lO

Arecoline Dog 0.1-10
11

n
Histamine Man 0.005-0.01 (A) 42

Methacholine Man 0.005-0.01 42

Muscarine Cat 64

Pig 69

Physostigmine Dog 0.1-10 11

/I / Belladonna alkaloids, IZl Dextro isomer of scopolamine. /3/ Dextro isomer of atropine. /4/ Levo isomer of

atropine.
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135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part I: PARASYMPATHOLYTICS AND LOCAL ANESTHETICS (Continued)
C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug. Parentheses in Columns F and H indicate action is slight, irregular, or doubtful, and the original
literature should be consulted.



135. ANTAGOOTSTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part I: PARASYMPATHOLYTICS AND LOCAL ANESTHETICS (Concluded)

88:450, 1951. [81] Chu. H.-P.. and How, G. K., Chin. J. Physiol. 5:115, 1931. [82] Thornton, J. W., Quart. J.

Exp. Physiol., Lend. 2^:305, 1932. [83] Trendelenburg, P., Zbl. Physiol. 26:1, 1912. [84] Trendelenburg. P.,

Arch. exp. Path. 69:79, 1912. [85] Golla, F. L., and Symes, W. L., J. Pharm. Exp. Ther. 5:87, 1913. [86] Watt,

J. M., ibid 38:261, 1930. [87] Toner, J. J., and Macko, E., ibidj^:246, 1952. [88] Featherstone, R. M., and

White, N. G., ibid 84:105, 1945. [89] Trendelenburg, P., Arch. exp. Path. 73: ' 18, 1913. [90] Siegmund, O. H.,

Granger, H. R., and Lands, A. M., J. Pharm. Exp. Ther. 90:254, 1947. [91] Chen, J. Y., ibid 2^^:192, 1955.

[92] Hambourger. W. E., Cook, D. L., Winbury, M. M., and Freese, H. B., ibid 99:245, 1950. [93] Issekutz, B.v.

and Genersich, P., Arch. exp. Path. 202:201 , 1943. [94] Hazard. R., and Corteggiani, E., C. rend. Soc. biol.

137:688, 1943. [95] Atanackovic, D., and Dalgaard-Mikkelsen, S., Arch, internal, pharm. dyn.. Par. 85:1, 1951.

r96] Archer, J. D., Texas Repts. Biol. M. j^:483, 1952. [97] Wick, H., Arch. exp. Path. 222:485, 1951.

[98] Visscher, F. E., Seay, P. H., Tazelaar, A. P.. Jr., Veldkamp, W., and Vander Brook, M. J., J. Pharm.

Exp. Ther. 110 :188, 1954. [99] Dirner, Z., Arch. exp. Path. J_57: 154, 1930.

Part II: ANTICHOLINESTERASES

Drugs are listed alphabetically. C = constricts, D = dilates, A = antagonizes active drug effect. I = inactive

(i.e., without influence on effect of active drug), P = potentiates active drug effect. Parentheses in Columns F and

H indicate action is slight, irregular, or doubtful, and the original literature should be consulted.



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part III; ANTIHISTAMINES

Drugs are listed to illustrate, as far as possible, the relationship between chemical structure and pharmacological
action. C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect
of active drug), P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight,
irregular, or doubtful, and the original literature should be consulted.

Antagonist or Potentiator

(Synonym)



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part III; ANTIHISTAMINES (Continued)

C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug), P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight, irregular,

or doubtful, and the original literature should be consulted.

Antagonist or Potentiator

(Synonym)

(A)

Active Drug

Compound

(B)

Effect

(C)

Species

(D)

Antagonist or Potentiator Effect

Local

t^g/ml
(E)

Systemic
Action

(F)

mg/kg Action

Reference

(G) (H)
I

(I)

Benzhydryl Ethe



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part 111: ANTIHISTAMINES (Continued)

C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug), P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight, irregular,

or doubtful, and the original literature should be consulted.

Antagonist or Potentiator

(Synonym)



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part UI: ANTIHISTAMINES (Continued)
C = constricts. D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of
active drug), P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight, irregular,
or doubtful, and the original literature should be consulted.

Antagonist or Potentiator

(Synonym)

Active Drug

Compound Effect
Species

Antagonist or Potentiator Effect

Local
i

System ic
j
Reference

Action|ig/ml |Action ag/kg
(A) (B) (C) (D) (E)

I

(F) (G) 1 (H) I (IT
Ethylenediamines (continued)



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part III: ANTIHISTAMINES (Continued)

C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug), P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight, irregular,
or doubtful, and the original literature should be consulted.

Antagonist or Potentiator

(Synonym)



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part III: ANTIHISTAMINES (Continued)

C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug). P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight, irregular,

or doubtful, and the original literature should be consulted.

Antagonist or Potentiator

(Synonym)



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part III: ANTIHISTAMINES (Continued)

C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug), P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight, irregular,

or doubtful, and the original literature should be consulted.

Antagonist or Potentiator

(Synonym)



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Concluded)

Part UI: ANTIHISTAMINES (Concluded)

[8] Rubitsky. H. J., Bresnick, E., Levlnson, L., Risman, G., and Segal, M.S., N. England M. J. 241 :853, 1949.

[9] Rubitsky, H. J., Herschfus, J. A., Levinson, L., Bresnick. E., and Segal, M.S., J. Allergy £J_:559. 1950.

[10] Landraesser, C. M., Anesthesiology 8:506, 1947. [U] Winder, C. V., Kaiser, M. E., Anderson, M. M.,
and Glassco, E. M., J. Pharnn. Exp. Ther. 87:121, 1946. [ 12] Arunlakshana, O., (thesis), London, 1953.

[ 13] Bovet, D., Ann. N. York Acad. Sc. ^:1089, 1950. [ 14] Castillo, J. C. J. Pharm. Exp. Ther. 94:412, 1948.

(15) Castillo, J. C, and De Beer, E. J., ibid 90:104, 1947. [16] Castillo, J. C, De Beer, E. J., and Jaros,
S. H., ibid 96:388, 1949. [17] Dutta, N. K., Brit. J. Pharm. 4: 197, 1949. [18] Ellis, F. W., Fed. Proc. 4:1 17,

1945. [19] Feinberg, S. M., Malkiel, S., Bernstein, T. B., and Margie, B. J., J. Pharm. Exp. Ther. 99:195,

1950. [20] Graham, J. D., ibid 91^:103, 1947. [21] Hawkins, D. F., (thesis), London, 1952. [22] Lee, H. M.,
Dinwiddle, W. G., and Chen, K. K., J. Pharm. Exp. Ther. 90:83, 1947. [23] Lehmann, G., ibid 92:249, 1948.

[24] Luduena, F. P., Ananenko, E., Siegmund, O. H., and Miller, L. C, ibid25:155, 1949. [25] Winter, C. A.,

ibid 90:224, 1947. [26] Chen, G., and Ensor, C. R., J. Laborat. Clin. M. 34:1010, 1949. [27] Hambourger, W. E.,

Freese, H. B., Winbury, M. M., and Michiels, P. M., J. Pharm. Exp. Ther. 94:367, 1949. [28] Chen, J. Y.,
ibid 114:192, 1955. [29] Norton, S., Colville, K. I., Light, A. E., Wnuck, A. L., Fanelli, R. V., and De Beer,
E. J., ibid 112:297, 1954. [30] Mayer, R. L., Huttrer, C. P., and Scholz, C. R., Science J^:93, 1945.

[31] Graham, J. D., sind Tonks, R. S., Brit. J. Pharm. n[:l, 1956. [32] Feinberg, S. M., J. Allergy r7:217,
1946. [33] Halpern, B. N., Arch, internal, pharm. dyn.. Par. ^:339. 1942. [34] Sandberg, F., Acta physiol.

scand. ^:(suppl. 91), 1952. [35] Yonkman, F. F., Oppenheimer, E., Rennick, B., and Pellet, E., J. Pharm. Exp.
Ther. 89:31, 1947. [36] Halpern, B. N., J. m^d. Lyon 23:409, 1942. [37] Halpern, B. N., C. rend. Soc. biol.

J_39:625, 1945. [38] Halpern, B. N., J. Allergy ^8:263, 1947. [39] De Cuyper, T., Arch, internat. pharm. dyn..

Par. 7^:360, 1946. [40] Ercoli, N., Schacter, R. J., Hueper, W. C, and Lewis, M. N., J. Pharm. Exp. Ther.
93:210, 1948. [41] Reinhard, J. F., and Scudi, J. V., Proc. Soc. Exp. Biol. 66:512, 1947. [42] Scudi, J. V.,

Reinhard, J. F., and Dreyer, N. B., J. Allergy ^:184, 1948. [43] Feinstone, W. H., Williams, R. D., and Rubin,
B., Proc. Soc. Exp. Biol. 62:158, 1946. [44] Feinberg, S. M., Nor4n, B., and Feinberg, R. H., J. Allergy J_9:90,
1948. [45] Dreyer, N. B., Ann. Allergy ^:229, 1950. [46] Archer, J. D., Texas Repts. Biol. M. J_0:483, 1952.

[47] Brook, V. M., Olsen, K. J., Richmond, M. T., and Kuizenga, M. H., J. Pharm. Exp. Ther. 94:197. 1948.

[ 48] Feinberg, S. M., Quart. Bull. Northwest. Univ. M. School 22:27, 1948. [ 49] Lands, A. M., Hoppe. J. O., Siegmund,
O.H., and Luduena, F. P., J. Pharm. Exp. Ther. 95:45, 1949. [50] Mayer, R. L., J. Allergy r7: 153, 1946. [51] Mayer,
R.L., Hays, H. W., Brousseau, D., Mathieson, D., Rennick, B., and Yonkman, F. F., J. Laborat. Clin. M. 21:749, 1946.

[52] Orcutt, J. A., and Prytherch, J. P., J. Pharm. Exp. Ther. 99:479, 1950. [53] Schiller, I. W., and Lowell,
F. C, Ann. Allergy 2:564, 1947. [54] Sherrod, T. R., Loew. E. R., and Schloemer, H. F., J. Pharm. Exp. Ther.
89:247, 1947. [55] Hawkins, D. F., Herxheimer, H., and Schild, H. O., J.Physiol., Lond. 2i2:^*>P' '^^l.

[56] Hawkins, D. F., and Schild, H. C, Brit. J. Pharm. 6:682, 1951. [57] Schild, H. O., Hawkins, D. F., Mongar,
J. L., and Herxheimer, H., Lancet, Lond. 2:376, 1951. [58] Bovet, D., Horclois, R., and Walthert, F., C. rend.

Soc. biol. 218:99, 1944. (59] Dews, P. B., and Graham, J. D., Brit. J. Pharm. 2:278, 1946. [60] Green, A. F.,

Brit. J. Pharm. 8:171, 1953. [61] Herxheimer, H., Arch, internat. pharm. dyn.. Par. 206:371, 1956.

[62] Parkes, M. W., personal communication, 1949. [63] Hawkins, D. F., and Paton, W. D., unpublished, 1957.

[64] Bhattacharya, B. K., Arch, internat. pharm. dyn.. Par. 103 :357, 1955. [65] Herxheimer, H., J.Physiol.,
Lond. 228:435, 1955. [66] Guimaraes, J. L., and Lourie, E. M., Brit. J. Pharm. 6:514, 1951. [67] Alberty, J.,

Arch, internat. pharm. dyn., Par.^:408, 1953. [68] Jalon, G., Farmacoter. actual, Madr. 2:35, 1946.

[69] Halpern, B. N., and Ducrot, R., C. rend. Soc. biol. 210:361, 1946. [70] Heymans, C, Estable, J. J., and
De Bonneveaux, S. C, Arch, internat. pharm. dyn.. Par. 29:123, 1949. [71] Herxheimer, H., Brit. M. J. 2:901,
1949. [72] Courvoisier, S., Fournel, J., Ducrot, R., Kolsky, M., and Koetschet, P., Arch, internat. pharm. dyn..

Par. 92:305, 1952. [73] Kopera, J., and Armitage, A. K., Brit. J. Pharm. 9:392, 1954. [74] Ryall, R. W., ibid

11:339, 1956. [75] Timiras, P. S., J. Pharm. Exp. Ther. 206:419, 1952. [76] Kopf, R., Nord. med. 54:1779, 1955.

JIt] Lindner, E.. Arch. exp. Path. 222:328, 1950. [78] Stern, P., ibid 299:251, 1942. [79] Konzett, H., Brit. J.

Pharm. 22=289, 1956. [80] Graham. J. D., J. Pharm., Lond. 92:103, 1947. [81] Meier, R., and Bucher, K.,

Schweiz. med. Wschr. 76:294, 1946. [82] Hutcheon, D. E., P'an, S. Y., Gardocki, J. F., and Jaeger, D. A., J.

Pharm. Exp. Ther. 113 :341, 1955. [83] Lehmann, G., Hagen, E., Barbarrow, G., and Rof, M., Fed. Proc.
6:350, 1947.
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135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part IV: ERGOT DERIVATIVES

Drugs are listed alphabetically. C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive

(i.e., without influence on effect of active drug), P = potentiates active drug effect. Parentheses in Columns F and

H indicate action is slight, irregular, or doubtful, and the original literature should be consulted.



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part IV: ERGOT DERIVATIVES (Concluded)

C = constricts. D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug), P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight, irregular,

or doubtful, and the original literature should be consulted.



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part V: 2-HALOETHYLAMINES (Continued)

C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug), P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight, irregular,

or doubtful, and the original literature should be consulted.



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part V: 2- HALOETHYLAMINES Concluded)
C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug), P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight, irregular,
or doubtful, and the original literature should be consulted.



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part VI: TRIAZINES (Concluded)

C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug). Parentheses in Column H indicate action is slight, irregular, or doubtful, and the original literature

should be consulted.



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part VU: ESTERS
Drugs are listed alphabetically. C = constricts, A = antagonizes active drug effect, I = inactive (i.e., without

influence on effect of active drug). Parentheses in Columns F and H indicate action is slight, irregular, or doubtful,

and the original literature should be consulted.

Antagonist



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part VII: ESTERS (Continued)

C = constricts, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of active drug).

Parentheses in Columns F and H indicate action is slight, irregular, or doubtful, and the original literature should
be consulted.

Antagonist

(Synonym)



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part VU: ESTERS (Concluded)

Gruber, C. M., Jr., Shields, H. L., and Gruber, C. M., ibid2fe:42, 1949. [b] Loew, E. R., Kaiser, M. E., and
Moore, V., ibid 86:1, 1946. [7) Winder, C. V., Kaiser, M. E., Anderson, M. M., and Glassco, E. M., ibid 87:121,
1946. [8] Chen, J. Y., ibid 112 :64, 1954. [9] Schauraann, O., and Lindner, E., Arch, exp. Path. 214 :93, 1951.

[ 10] Lehtnann, G., and Knoeffel, P. K., J. Pharm. Exp. Ther. 80:335, 1944. [ 11] Lehmann, G., and Young, J. W.,
ibid 83:90, 1945. [l2] Richards, R. K., Everett, G. M., and Kueter, K. E., ibid 84:387, 1945. fl3] Arunlakshana,
O., (thesis), London, 1953. [14] Chen, G., and Ensor, C. R., J. Laborat. Clin. M. 34:1010, 1949. [15] Duguid,
A.M., and Heathcote, R. S., Quart. J. Pharm., Lond. J2:318, 1940. [16] Dutta, M. K., Brit. J. Pharm. 4: 197, 1949.

[17] Kopera, J., and Armitage, A. K., ibid 2:392, 1954. [18] Schaumann, O., Arch. exp. Path. 296: 109. 1940.

[ 19] Lands. A. M., Hoppe, J. O., Lewis, J. R., and Ananenko, E., J. Pharm. Exp. Ther. 100 :19, 1950.

Part VIII: MISCELLANEOUS COMPOUNDS

Drugs are listed alphabetically. C = constricts, D = dilates, A ~ antagonizes active drug effect, I = inactive

(i.e., without influence on effect of active drug), P = potentiates active drug effect. Parentheses in Columns F
and H indicate action is slight, irregular, or doubtful, and the original literature should be consulted.



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Continued)

Part VUI: MISCELLANEOUS COMPOUNDS (Continued)

C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug), P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight, irregular,

or doubtful, and the original literature should be consulted.



135. ANTAGONISTS AND POTENTIATORS OF DRUGS ACTING ON THE BRONCHI (Concluded)

Part VIII; MISCELLANEOUS COMPOUNDS (Concluded)

C = constricts, D = dilates, A = antagonizes active drug effect, I = inactive (i.e., without influence on effect of

active drug), P = potentiates active drug effect. Parentheses in Columns F and H indicate action is slight, irregular,

or doubtful, and the original literature should be consulted.



136. pAx VALUES FOR ANTAGONISTS OF DRUGS ACTING ON THE BRONCHI

Values are the negative logarithm of the molar concentration of antagonist required to reduce the response to an

"x-fold" dose of active drug to that produced by a single dose of active drug in the absence of antagonist [ l] . Paren-

theses indicate action is irregular and the original literature should be consulted. C = constricts, D = dilates.



137. AEROSOLS. GASES. AND VAPORS ACTING ON THE BRONCHI

The classification employed is functional, with the drugs listed alphabetically within each Part. Inclusion of trade

names is for informative purposes only and in no way implies endorsement by The National Academy of Sciences-
The National Research Council. For all effects included in this table, there is reasonable evidence the drug in fact

acted on the bronchial musculature. Where there was evidence that an effect was mediated by the respiratory center
or adrenal glands, it was excluded. Similarly, results obtained in protecting guinea pigs against lethal doses of

histamine were excluded, unless there was evidence of the relief of the bronchospasm. Drug actions influencing

anaphylactic or asthmatic bronchospasm. or other pathological states, were also excluded. Concentrations for

aerosols, unless otherwise specified, are mg/ml of the solution from which the aerosol was formed. Parentheses
in Columns E (Part I) and D (Parts II and III) indicate action is slight, irregular, or doubtful, and the original

literature should be consulted. C = constricts. D= dilates, I = inactive.

Part I: DIRECT ACTION

Compound
( Synonym

)



137. AEROSOLS, GASES. AND VAPORS ACTING ON THE BRONCHI (Continued)
Part I: DIRECT ACTION (Concluded)

Compound
( Synonym

)



137. AEROSOLS. GASES, AND VAPORS ACTING ON THE BRONCHI (Concluded)

Part III: ANTAGONISTS
Parentheses in Column D indicate action is slight, irregular, or doubtful, and the original literature should be
consulted.

Antagonist

(Synonym)
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139. EFFECTS OF INTERNAL RADIATION EMITTERS ON THE RESPIRATORY SYSTEM: MAMMALS (Concluded)

Contributors : (a) Stannard. J. N., (b) Michaelson, S., and Ingram, M.

References : [l] U. S. Public Health Service Bull., No. 494, 1957. [2] Evans, R., and Goodman, J. Indust. Hyg.

22:89, 1940. [3] Furth, J., in "Radiation Biology," (ed., Hollaender, A.), vol I, part II, chap. 18, New York:

McGraw-Hill, 1954. [4] Evans, R. D., Acta Unio Intern, contra Cancrum 6:1229, 1950. [5] Rajewsky, B.,

Radiology 32: 57 . 1939. [6] Pirchan, A., and Sikl, H., Am. J. Cancer ]_6: 681 , 1932. [7] Hursh, J. B., et al. Acta

radiol., Stockh. 47:481 , 1957. [8] Nemenov, M. I., et al. Bull. Roentg. Radiol. _[9:37, 1938. [9] Hollcroft, J. W.,

and Lorenz, E., J. Nat. Cancer Inst. ]^;533, 1951. [10] Scott, J. K., Univ. Rochester Atomic Energy Project,

Rept. No. UR-411, 1955. [u] Wager,~ll., Hanford Atomic Products Operation, Annual Rept. No. HW-41500, 1956.

[12] Bair, W. J., unpublished. [13] Warren, S., et al, Radiology 55:557, 1950. [14] Gorbman, A., Proc. Soc.

Exp. Biol. 7^^:237, 1949. [15] Thomas, R. G., and Stannard, J. N., Univ. Rochester Atomic Energy Project, Rept.

No. UR-430ri956. [16] Casarett, G. W., ibid, Rept. No. UR-201. 1952. [17] Mound Laboratory, Rept. No.

MLM-761, 1952. [ 18] Fink, R. M., "Biological Studies with Polonium, Radium, and Plutonium," U. S. A. E. C,
National Nuclear Energy Series, Div. VI, vol 3, chap. 8, New York: McGraw-Hill, 1950. [ 19] Abrams, R., et al,

Univ. Chicago, Rept. No. CH-3875, 1946. [20] Bloom, W., "Histopathology of Irradiation," U. S. A. E. C, National

Nuclear Energy Series. Div. IV, vol 22 1, chap. 15, New York: McGraw-Hill, 1948. [21] Siebert, H. C, and

Abrams, R., Univ. Chicago, Rept. No. CH-3539, 1946. [22] Lisco, H., and Finkel, M., Fed. Proc. 8:360, 1949.

[23] Cember, H., Univ. Pittsburgh Graduate School of Public Health, AEC Contract AT (30-1) 912, Rept. No. 9,

1957. [24] Cember, H., et al, Am. M. Ass. Arch. Indust. Health 1J^:628, 1955. [25] Cember, H., ibid 15:449,

1957. [26] Kushner, M., et al, AEC Contract AT (30-1) 1925, New York Univ., Bellevue Med. Center, Progress

Rept., 1957. [27] Tessmer, C. F., and Jennings, F. L., Radiol. Res. 599, 1956.
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140. SUMMARY, FACTORS AFFECTING COMPOSITION OF RESPIRED AIR: MAN

Part I: VOLUNTARY CONTROL

Section 1 : Breathholding

Ranges in parentheses are estimate "c" of the 95% range (cf Introduction).



140. SUMMARY. FACTORS AFFECTING COMPOSITION OF RESPIRED AIR:

Part U: EXERCISE (Concluded)

Section 3: Effect on Composition of Expired Air,

Exercise vs Recovery
Treadmill experiment. O^ consumption three times basal.

MAN (Continued)

Conditions



140. SUMMARY. FACTORS AFFECTING COMPOSITION OF RESPIRED AIR: MAN (Continued)

Part IV: CO^ INHALATION

Section 1: Various Exposure Times



140. SUMMARY, FACTORS AFFECTING COMPOSITION OF RESPIRED AIR: MAN (Continued)

Part V: O2 INHALATION (Concluded)

Section 2: N^ in Expired Air

N2 as an Increment over the N2 contained in an inspired

gas mixture containing 1% of N^ in O^. Subjects at rest,

submerged in water. Ranges in parentheses are esti-

mate "c" of the 95% range (cf Introduction).



140. SUMMARY, FACTORS AFFECTING COMPOSITION OF RESPIRED AIR: MAN (Concluded)

Part VIII: ACIDOSIS

One subject.

Day
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142. COMPARATIVE PATHOLOGY OF THE PNEUMOCONIOSES

The term pneumoconiosis is used in a generic sense to include the deposition of any insoluble exogenous particles

in lung tissue, regardless of the presence or absence of sequellae. There are many more pneumoconioses than the

ones here listed, including those considered benign or asymptomatic [ I], and those manifestly of a mixed variety

in which silica is the more significant component. It must be strongly emphasized that the tabulation here

presented should be considered to apply to the respective pneumoconioses only when they are of moderate severity.

It is obvious that the amount of anatomic, physiologic, and immunologic alteration depends largely upon whether the

involvement by the particular pneumoconiosis is mild, moderate, or severe. Any other application of this tabulation

would be misleading and result in confusion.

General
Effect



142. COMPARATIVE PATHOLOGY OF THE PNEUMOCONIOSES (Concluded)

References : [ l] Sander, O. A., in "Clinical Cardiopulmonary Physiology, " ed. Gordon, B. L., p 350, New York:

Grune and Stratton, 1957. [2] Di Biasi, W., Virchows Arch. 319:505, 1951. [3] Heppleston, A. G., J. Path. Bact.,

Lond. 59:453, 1947. [4] Fletcher, CM., in "ILO 3rd Internal. Conf. of Experts on Pneumoconiosis, Sydney, 1950;

Record~of Proceedings," vol 2, p 150, Geneva: International Labor Office, 1953. [ 5] Hart, P. D., and Aslett, E. A.,

in "Chronic Pulmonary Disease in South Wales Coalminers, " Special Rept. Series No. 243, vol I, London:

Medical Research Council, 1942. [6] Matz, P. B., Am. J. M. Sc. jm:548, 1938. [7] Stone, M. J., Am. Rev.

Tuberc. 41:12, 1940. [8] Hardy, H. L., in "Pneumoconiosis, " 6th Saranac Symposium, Trudeau School of

Tuberculosis, ed. Vorwald, A. J., et al, p 133, New York: Paul B. Hoeber. Inc., 1950. [9] Wright, G. W., ibid,

p 173. [10] Vorwald, A. J., ibid, p 190. [u] Vorwald, A. J., in "CUnical Cardiopulmonary Physiology, " ed.

Gordon, B. L., p 359, New York: Grune and Stratton, 1957. [12] Wyatt, J. P., and Riddell, A. R., Am. J. Path.

25:447, 1949. fl3] Riddell, A. R., in "Pneumoconiosis, " 6th Saranac Symposium, Trudeau School of Tuberculosis,

ed. Vorwald, A. J., et al, p 459, New York: Paul B. Hoeber, Inc., 1950. [ 14] Shaver, C. G., and Riddell, A. R.,

J. Indust. Hyg. 29:145, 1947. [15] Di Biasi, W., Tuberkulosearzt 7:343, 1953. [16] Gardner, L. U., Pub. Health

Rept., Wash. 50:695, 1935. [17] Gough, J., J. Path. Bact., Lond. ^:277. 1940. [18] Fletcher. CM., in

"Beitr'aige zur Silicose-Forschung; Bericht liber die Medizinischwissenschaftliche Arbeitstagung Mber Silicose,"

(Sonderband) p 119, Bochum: Bergbau-Berufsgenossenschaft, 1951. [19] Union of South Africa Rept. of the

Departmental Committee of Enquiry into the Relationship between Silicosis and Pulmonary Disability and the

Relationship between Pneumoconiosis and Tuberculosis, Pretoria: The Government Printer, 1955. [20] Gardner,

L. U., J. Indust. Hyg. 24:18, 1932. [21] Gardner, L. U., ibidj_9:lll, 1937. [22] Vigliani. E. C, and Mottura, G.,

Brit. J. Indust. M. ^: 148, 1948. [23] Di Biasi, W., Arch. Gewerbepalh. 8: 1 39, 1937. [24] Geever, E. F.. Am. J.

M. Sc. 214 :292, 1947. [25] Vorwald, A. J., personal communication. [26] Motley. H. L., in "CUnical Cardio-

pulmonary Physiology, " ed. Gordon, B. L., p331, New York: Grune and Stratton, 1957. [27] Levine, E. R., and

Liu, C K., ibid, p 447. [28] Rossier, P. H., in "ILO 3rd Internal. Conf. of Experts on Pneumoconiosis, Sydney,

1950; Record of Proceedings," vol 2, p 26, Geneva: International Labor Office, 1953. [29] Merewether, E. R. A.,

ibid, vol 1, p 32. [30] Cartier, P., ibid, vol 1, p 32. [31] Lynch, K. M., Mclver, F. A., and Cain, J. R.. Am. M.

Ass. Arch. Indust. Health J^:207, 1957. [32] Isselbacher, K. J., Klaus. H., and Hardy, H. L., Am. J. M. 21:721,

1953.

271



£ 2
X u
-~ «

—1 1!

o

0) X
3 2
H2
0) CO

u —
a -f
c ~
o
p -o
— o
3 20-3

.S -o
4)

ga S
> BO

1 X_ o

* ^o S

'g
2 8

>, °

a u

o °

is
c ^
M «;

>> BX
o c

.S Z

£2
2 3
^'^

o

"3

o
Li

« S
Q.

° s
tio o

u 2
O •«

^§

.5

» o c

^2 5

2 >»2

a _ 4>

i- 2 «

S
e
o

0.3 2

.5
'^

3 w
01 (J

o C -I 2
o ° Su
7 « !:

lu 5 2

iS °o

> «i

Ee

en



rg



144. PHYSIOLOGY OF DYSPNEA

Dyspnea is defined as breathing associated with effort or distress, including subjective breathlessness and objective

evidence of labored breathing.

Part I: GENERAL CAUSES

1



145. O^ CONSUMPTION: PROTOZOA

Like our other tables covering oxygen consumption, this one should be used with utmost caution and circumspection.
The figures reflect order of magnitude; often a value may not prove accurate for a particular requirement. The
table, however, does have special utility as an annotated bibliography. Values, unless otherwise specified, are
cubic millimeters oxygen per million cells per hour for mature protozoa. B = bloodstream; C = culture; G = in

presence of glucose.

Species



145. 02 CONSUMPTION: PROTOZOA (Concluded)

Values, unless otherwise specified, are cubic millimeters oxygen per million cells per hour for mature protozoa.
B = bloodstream; C = culture; G = in presence of glucose.

Species



146. 02 CONSUMPTION: HELMINTHS (Concluded)

Values, unless otherwise specified, are cubic millimeters oxygen per milligram dry substance per hour for adult

animals. G = in presence of glucose.

Species



147. 02 CONSUMPTION: INVERTEBRATES

Like our other tables covering oxygen consumption, this one should be used with utmost caution and circumspection.
The figures reflect order of magnitude: often a value may not prove accurate for a particular requirement. The
table, however, does have special utility as an annotated bibliography. Values, unless otherwise specified, are
cubic millimeters oxygen per gram fresh weight per hour for adult animals.

Class and/or Species



147. 02 CONSUMPTION: INVERTEBRATES (Continued)

Values, unless otherwise specified, are cubic millimeters oxygen per gr8iin fresh weight per hour for adult animals.

Class and/or Species



147. Oz CONSUMPTION: INVERTEBRATES (Continued)
Values, unless otherwise specified, are cubic millimeters oxygen per gram fresh weight per hour for adult animals.

Class and/or Species



148. 02 CONSUMPTION: VERTEBRATES OTHER THAN MAMMALS

Like our other tables covering oxygen consumption, this one should be used with utmost caution and circumspection.

The figures reflect order of magnitude; often a value may not prove accurate for a particular requirement. The

table, however, does have special utility as an annotated bibliography. Values are cubic millimeters oxygen per

gram fresh weight per hour for adult animals.

Animal



148. Oi CONSUMPTION: VERTEBRATES OTHER THAN MAMMALS (Continued)

Values are cubic millimeters oxygen per gram fresh weight per hour for adult animals.

Animal



148. 02 CONSUMPTION: VERTEBRATES OTHER THAN MAMMALS (Concluded)

Values are cubic millimeters oxygen per gram fresh weight per hour for adult animals.

Animal

(A)

Temp

(B)

Contributor: Flemister, L. J.

Rate

(C)

Reference

(D)



149. O^ CONSUMPTION: MAMMALS (Continued)

Values are cubic millimeters oxygen per gram fresh weight per hour for adult animals.

Animal



149. Oz CONSUMPTION: MAMMALS (Concluded)

Values are cubic millimeters oxygen per gram fresh weight per hour for adult animals, unless otherwise indicated.

Animal



151. O^ CONSUMPTION: ANIMAL TISSUES

Values for oxidation quotient (Qo^) are expressed in cu mm oxygen consumed per rag dry weight of tissue per hour,

unless otherwise indicated. Fresh tissue was immersed in a buffered medium (phosphate or bicarbonate) in a closed

chamber containing oxygen at 1 atmosphere pressure and maintained at 370C (some determinations at 37.5° and

38°C). The decrease in amount of gaseous O^ was measured as it was used by the tissue. As the rate of oxidation

is limited by the amount of oxidizable nutrient available to the tissue, glucose or other nutrient was added, when
necessary, to the medium.

Part I: BLOOD-FORMED ELEMENTS, BLOOD VESSELS, LYMPH NODES, MARROW, SPLEEN, THYMUS

Tissue



151. 02 CONSUMPTION: ANIMAL TISSUES (Continued)

Values for oxidation quotient (QO2) are expressed in cu mm oxygen consumed per mg dry weight of tissue per hour,

unless otherwise indicated.

Part 1: BLOOD-FORMED ELEMENTS, BLOOD VESSELS, LYMPH NODES, MARROW, SPLEEN, THYMUS (Concluded)

Contributors : (a) Vernberg,
and Scholefield, P. G.

References : [l] Kirk, J. E.

Laursen, T. J., and Schaus
Pharm. Exp. Ther. 102:258,

F. J., (b) Fitzgerald, L. R., (c) Barker, S. B.. (d) Jandorf, B. J., (e) Quastel, J. H.,

Efferspe, P. G., and Chianz, S. R., J. Geront. 9:10, 1954. [2] Kirk, J. E.,

R.. ibid 10:178, 1955. [3] Krantz, J. C, Jr., Carr, C. J., and Knapp. M. J., J.

1951. [4]~Ramsay, R., and Warren. C. O., Jr., Quart. J. Exp. Physiol., Lond. 20:213,

1930. [5] Kawashima^ Y., J. Biochem., Tokyo 4:411, 1925. [6] McKinney, G. R., et al, J. Appl. Physiol. 5:33 5,

1953. [7] Negelein, E., Biochem. Zschr. 158 :121, 1925. [8] Barker, S. B., and Klitgaard, H. M., Am. J. Physiol.

170:81, 1952. [9] O'Connor, R. J., Brit. J. Exp. Path. 32:336, 1951. [ 10] Ramsay, R. , and Warren, C. O., Jr.,

Quart. J. Exp. Physiol., Lond. 22:49, 1932. [ll] Engelhardt, W. A., Biochem. Zschr. 251^:343, 1932. [12] Wright,

G. P., J. Gen. Physiol. ^4:179, 1930. [ 13] Rubinstein, D. , and Denstedt, E. F., J. Biol. Chera. 204:623, 1953.

[14] Schlayer, C, Biochem. Zschr. 293:94, 1937. [15] Glover, E. C, Daland, G. A., and Schmitz, H. L., Arch.

Int. M. 46:46, 1930. [I6] Bird, R. M., Clements, J. A., and Barker, L. M., Cancer 4: 1009, 1951.

[17] Fleischmann, W., and Kubowitz, F., Biochem. Zschr. 1^:395, 1927. [18] MacLeod, J., and Rhoads. C. P.,

Proc. Soc. Exp. Biol. 41^:268, 1939. [19] Fujita, A., Klin. Wschr. 7:897, 1928. [20] Fujita, A., Biochem. Zschr.

197:175, 1928. [2l] Bird, R. M., and Evans, J. D., J. Biol. Chem. 178:289, 1949. [22] Warren, C. O., Jr., Am.
J. Physiol. Ui; 17 6, 1940. [23] Berwin, 1., and Gordon, A. S. , ibid 173:184, 1953. [24] Landau, D. , and Gordon,

A. S., Endocrinology 51^:157, 1952. [25] Rosenthal, O. , and Lasnitzki, A., Biochem. Zschr. 1^:340, 1928.

[26] Warburg, O. , Posener, K., and Negelein, E., ibid 152:309, 1924. [27] Wohlgemuth, J., and Klopstock, E.,

ibid 17^:202, 1926. [28] Barker, S. B., and Schwartz, H. S., unpublished. [29] Barker, S. B., and Schwartz,

H. S., Proc. Soc. Exp. Biol. 83:500, 1953. [30] Edson, N. L.. and Leloir, L. F.. Biochem. J., Lond. 30:2319.

1936. [31] Dickens. F., and Greville, G. D., ibid 27:832. 1933. [32] Dickens. F.. and Simer. F.. ibid 24:1301,

1920. [33] Murphy, J. B., and Hawkins, J. A., J. Gen. Physiol. 8:115, 1925. [34] Weil-Malherbe, H., Biochem.

Zschr. r75: 202, 1926. [35] Endres, G., and Kubowitz, F., ibid 191:395, 1927. [36] Birmingham, M. K.. and

Desbarats, M., Canad. J. M. Sc. 30:494, 1952.

Part II: EPITHELIUM AND ASSOCIATED TISSUES

Tissue



151. O^ CONSUMPTION: ANIMAL TISSUES (Continued)

Values for oxidation quotient (QO2) are expressed in cu ram oxygen consumed per mg dry weight of tissue per hour,
unless otherwise indicated.

Part II: EPITHELIUM AND ASSOCIATED TISSUES (Concluded)

Tissue



151. 02 CONSUMPTION: ANIMAL TISSUES (Continued)

Values for oxidation quotient (QO2) are expressed in cu mm oxygen consumed per mg dry weight of tissue per hour,
unless otherwise indicated.

Part lU: GLAND TISSUES (Concluded)

Tissue



151. O^ CONSUMPTION: ANIMAL TISSUES (Continued)

Values for oxidation quotient 1*502) ^""^ expressed in cu mm oxygen consumed per mg dry weight of tissue per hour,

unless otherwise indicated.

Part IV: LIVER

Animal



151. O^ CONSUMPTION: ANIMAL TISSUES (Continued)

Values for oxidation quotient (^O^) are expressed in cu mm oxygen consumed per mg dry weight of tissue per hour,

unless otherwise indicated.

Part IV; LIVER (Concluded)

[Zl] Hoexter, F. M., Endocrinology 54; 1, 1954. [22] Jasper, R. L.. and Archdeacon, J. W., Physiol. Zool.

24;163. 1951. [23] Eisenberg, E., Gordan, G. S., and Elliott, H. W., Endocrinology 45:1 13, 1949. [24] Clark,

W. T., Jr., Chinn. H. I., Ellis, J. P., Pawel. N. E., and Griswold. D., Am. J. Physiol. 177:207. 1954. [25] You,

R. W., and Sellers, E. A., Endocrinology 49:374, 1951. [26] Hawkins, J. A., J. Gen. Physiol. _n:645, 1928.

[27] Von Bertalanffy, L., and Perozynski, W. J., Biol. Bull. j^:240. 1953. [28] Carroll, M. J., Arch. Exp.

Zellforsch. 22:592, 1939. [29] Tanyia, C, Biochem. Zschr. 189:175, 1927. [30] Peiss, C. N., and Field, J.,

Biol. Bull. 99:213, 1950. [31] Vernberg, F. J., ibid|06:360, 1954.

Part V: LUNG

Animal



151. ©2 CONSUMPTION: ANIMAL TISSUES (Continued)

Values for oxidation quotient (QO2) are expressed in cu nam oxygen consumed per mg dry weight of tissue per hour,

unless otherwise indicated.

Part VI: MUSCLE TISSUES (Concluded)

Tissue



151. ©2 CONSUMPTION: ANIMAL TISSUES (Continued)

Values for oxidation quotient i'^Oz) are expressed in cu mm oxygen consumed per mg dry weight of tissue per hour,

unless otherwise indicated.

Part VU: NEOPLASMS

Section 1: Malignant

Tissue



151. O2 CONSUMPTION: ANIMAL TISSUES (Continued)

Values for oxidation quotient (^O^) are expressed in cu mm oxygen consumed per mg dry weight of tissue per hour,

unless otherwise indicated.

Part VUI: NERVE TISSUES

Section 1 : Central and Retinal

Tissue



151. O^ CONSUMPTION: ANIMAL TISSUES (Continued)

Values for oxidation quotient (QO2) are expressed in cu mm oxygen consumed per mg dry weight of tissue per hour,

unless otherwise indicated.

Part VIII: NERVE TISSUES (Continued)

Section 1: Central and Retinal (Continued)

Tissue



151. O^ CONSUMPTION: ANIMAL TISSUES (Continued)

Part VUI: NERVE TISSUES (Concluded)

Section 1: Central and Retinal (Concluded)

K., ibidrn;381, 421, 1926. (31] Warburg, O., Posener, K., and Negelein, E., ibid 1^:309, 1924. [32] Peiss,

C. N., and Field, J.. Arch. Biochem. and Biophys. 36:276, 1952. [33] Hoexter, F. M., Endocrinology 54: 1 , 1954.

[34] Pearce, J., and Gerard. R. W., Am. J. Physiol. n6:49, 1942. [35] Roberts, $., and Rock, M., unpublished.

[36] Roberts, S., and Keller, M. R., Arch. Biochem. and Biophys. 44:9. 1953. [37] SeUei, C, Weinstein, P., and
Jany, J., Biochem. Zschr. 247:146, 1932. [38] Negelein, E., ibid 165:122, 1925. [39] Greig, M. E., Munro, M. P.,

and Elliot, K. A., Biochem. J., Lond. 33:443. 1939. [40] Laser, H., ibid 31^: 1 67 1 . 1937. [41] Roe. C, Acta Ophth.

,

32:181, 1954. [42] llling, E. K., and Gray, C. H., Endocrinology 7:242, 1951. [43] Robbie, W. A., and Leinfelder,

P. J.. Am. J. Ophth. 32:208, 1949. [44] EUiott, K. A., and Baker, Z., Biochem. J., Lond. 29:2433, 1935.

Section 2: Peripheral

Values for oxidation quotient (QO2) are expressed in cu ram oxygen consumed per g fresh weight of tissue per hour.

Values in parentheses are ranges, estimate "c" of the 95% range (cf Introduction).

Tissue



151. O^ CONSUMPTION: ANIMAL TISSUES (Continued)

Values for oxidation quotient (*302) are expressed in cu ram oxygen consumed per mg dry weight of tissue per hour,

unless otherwise indicated.

Part IX: REPRODUCTIVE TISSUES

Tissue Animal Medium QO2 Reference

(A) (B) (C) (D) (E)

Male
1



151. 02 CONSUMPTION: ANIMAL TISSUES (Concluded)

Values for oxidation quotient (^02) are expressed in cu ram oxygen consumed per mg dry weight of tissue per hour,

unless otherwise indicated.

Part IX: REPRODUCTIVE TISSUES (Concluded)

Tissue



15Z. FETAL TISSUES

Values presented in these tables should be considered representative, but not exact, as rarely are enough data
presented to justify statistical treatment, and rarely is independent confirmatory information available. Unless
otherwise specified, values are for a single, intact embryo.

Part I: SHEEP
Based on blood- flow and blood- gas analysis.

Age, da



152. O^ CONSUMPTION: FETAL TISSUES (Continued)

Part II: RAT (Concluded)

With the exception of Lines 37 and 39, values in Lines 11-44 are based on Warburg manometric technique. Medium:
A = 0.8% NaCl, phosphate buffer, pH 7.4; B = serum + 0.025 M bicarbonate buffer + 0.2% glucose; C = serum +

0.025 M bicarbonate buffer + 0.011 M glucose; D = Krebs solution; E = Ringer-phosphate, pH 7.4.

Age
da



152. ©2 CONSUMPTION: FETAL TISSUES (Continued)

Part IV: CHICK (Continued)

Section 1 (Concluded)

Warburg raanometric procedures on isolated embryos. Manometric determinations on intact embryos followed by
extensive calculations based on separate studies of membrane growth and respiration [ l] . Medium: A = intact egg
in air; B = intact egg in air and isolated tissues in Ringer-phosphate, pH 7.4; C - isolated embryo in Ringer-
phosphate, pH 7.2; D = isolated embryo in Krebs solution + 0.24% glucose; E = isolated embryo in Ringer- phosphate,
pH 7.4; F = isolated embryo in Ringer- phosphate or Ringer-bicarbonate, pH 7.4. Where values are enclosed in

parentheses, glucose was added to the medium.

Age



152. O^ CONSUMPTION: FETAL TISSUES (Continued)

Part IV: CmCK (Concluded)
Section 2

Method based on Warburg manometric technique. Medium was serum; where values are enclosed in parentheses,

however, the medium used was Ringer's solution.

Dry Weight
mg



152. Oi CONSUMPTION: FETAL TISSUES (Continued)

Part VI: FROG (Rana fusca)



152. O^ CONSUMPTION: FETAL TISSUES (Continued)

Part VIII; GRASS OR LEOPARD FROG (Rana pipiens) (Concluded)

Section 2: Shumway Development Stages

Medium: aquarium water.

Stage



15Z. O^ CONSUMPTION: FETAL TISSUES (Continued)

Part IX: PACIFIC COAST NEWT, OR "WATER DOG" (Triturus torosus )

Medium: aquarium water. Stages refer to the Harrison stage ot comparable development.

Age, da



152. O^ CONSUMPTION: FETAL TISSUES (Continued)

Part X: SPOTTED AND TIGER SALAMANDERS (Amblystoma punctatum . A. tigrinum ) (Concluded)
Method based on modified Thunberg differential respironieter. Medium: either tap water or spring water. Stages

refer to the Harrison stage of comparable development.



152. O^ CONSUMPTION: FETAL TISSUES (Concluded)

Part XIII: ATLANTIC SALMON ( Salmo salar )

Values are expressed in nl Ozig wet wt/hr.

Medium: 10% sea-water.

Age, da



153. EFFECT OF POTASSIUM ION CONCENTRATION ON O^ CONSUMPTION: ANIMAL TISSUES

Values for oxidation quotient (QO2) are expressed in cu mm oxygen per mg final dry weight of tissue per hour, unless

otherwise indicated. Media are described in the appropriate footnotes in terms of quantity of ion per liter of solution.

Part I: GUINEA PIG LIVER AND RABBIT KIDNEY CORTEX

Values in parentheses are ranges, estimate "c" of the 95% range (of Introduction).

K+ Concentration in

Suspending Medium'
mEq/L



153. EFFECT OF POTASSIUM ION CONCENTRATION ON O^ CONSUMPTION: ANIMAL TISSUES (Continued)

Values for oxidation quotient (QO2) are expressed in cu mm oxygen per mg final dry weight of tissue per hour, unless

otherwise indicated. Media are described in the appropriate footnotes in terms of quantity of ion per liter of solution.

Part UI: RAT DIAPHRAGM, VARIOUS pH LEVELS



153. EFFECT OF POTASSIUM ION CONCENTRATION ON O^ CONSUMPTION: ANIMAL TISSUES (Concluded)

Values for oxidation quotient (*502) are expressed in cu mm oxygen per mg final dry weight of tissue per hour, unless

otherwise indicated. Media are described in the appropriate footnotes in terms of quantity of ion per liter of solution.

Part VI: GUINEA PIG CEREBRAL CORTEX, VARIOUS RELATIVE
CONCENTRATIONS OF POTASSIUM AND SODIUM



154. SURVIVAL AND REVIVAL UNDER CONDITIONS OF ANOXIA
OR ARRESTED CIRCULATION: ANIMAL TISSUES

Adult tissue, in situ, at room temperature, normal body temperature, unless otherwise indicated,

duced by cessation of respiration or by administration of nitrogen to animal or to isolated tissue; C
arrested by obstructing or bypassing total afferent blood supply to organ.

N = anoxia pro-
= circulation



155. CEREBRAL BLOOD FLOW, O2 CONSUMPTION, AND VASCULAR RESISTANCE: MAN, CAT. MONKEY

Values determined in vivo for unanesthetized animal, unless otherwise indicated. Values in parentheses are ranges

and, unless otherwise specified, conform to estimate "c" of the 95% range (cf Introduction). Note that 100 x Column
E -i- Column C = brain arterio- venous O^ difference, the quantity of O^ removed by the brain from each 100 ml of

blood flowing through it.

Species



156. CEREBRAL RESPIRATION: DOG

Dogs received basic dose of 20 mg/kg of morphine sulfate. (In using this table, it should be remembered that

morphine sulfate has a significant effect on blood respiratory characteristics [Rakieten, N., Himwich, H. E., and

DuBois, D., J. Pharm. Exp. Ther.^:437, 1934] ).

Part I: CEREBRAL VS BLOOD GLUCOSE

Values in parentheses are ranges, estimate "c" of the 95% range (cf Introduction).



156. CEREBRAL RESPIRATION: DOG (Concluded)

Dogs received basic dose of 20 mg/kg of morphine sulfate. (In using this table, it should be remennbered that

morphine sulfate has a significant effect on blood respiratory characteristics f Rakieten, N., Himwich, H. E., and
DuBois, D.. J. Pharra. Exp. Ther. 52:437. 1934] ).

Part III: CEREBRAL METABOLISM IN ANOXIA



157. RESPIRATION RATES: BACTERIA

Rate and degree of respiration of bacteria may be affected by nun:ierous factors, such as strain characteristics,

composition of growth medium, age and number of cells in an inoculum, origin of inoculum, age of culture harvested
for study, nature of solution used for washing, number of washings, and composition of the respiratory system.
Values are pil/mg dry weight/hour. Data are for bacterial suspensions in the presence of glucose.

Species
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Ô^^^^
(1} Q (h ly- O^
,r; .ii j= * m

cr *^
i

—

I

-^l XI -

(J ,—

.

V

< 01

,
. o

i- 0.

. o C S BZ

:^ E
" "-J — a;

u. .
- -=

< fl s

"oj fl' -«'
•

^ -2 - i?

aa * _: .

* c •

^ i •=

< .

oo' :u

0^ ™ c
to . (4

2 >- •"

a «; o
J; E~

O Z
j:
n -

3 E
01

in

-. x: . .—

- H -

(7^ T3 C
-i c u

6 X.
CT- — X in "o

,
W o-

00 :•-..__

-. *•
nl

r^ '

—

U
m ro *

s ^
E X m

; — ".__>-
c - o^ r*^ in , .

C _' ^^ rn O^

, js u4 g ^ ^ : N O- . _"

in _ J oJ

; >. tj; -; 5

. u o w o
O '— (1.

01 — . —
> O X X3

2 ffl 2 '

U" ' - o = 2.
o _• 2 < 3
22 ^

• X3 -H

m in J

u 2 -a r- o
f^J C/3 ^— . O
< X

•^ "^ - X.

u 2



c
a

3
O

5 *

c
It

x:

>

01

u
c
41

U
Hi

"3

a



a o

o
u
at

tn

2
ai
u

a
z
<

<
W

o
X

ui
W
H
<
OS

z
o
p
<
a:

E
(/)

u

n] o
U O

o
cr

o o o o

c c c c
c^ (Ti nl cu

S S S S

o ^ H
M K a:

o

o -S

(n b. 1/3 CQ

—< —« (M IM

_ sO O O
O CO 00 OO

c c c c
(4 (d cQ cd

s s s s

o o t- H
rvj rg Q^ Q^

2 2^
U. b< QQ

E E E

cj u u

lb b^ tx*

f<^ f*^ fo m

E E E E
0^ (1> 0) 0)

j= j:: X j:

U CJ U O

00 o o »r»

xt -o -c -o
c c c c
o o o o
U l^ u u
ki U, [l. Qu

OOP
c c 5;

S S u

^ -^ -^ -^ -^

rt (d

s
•a T3

00000
c c c c c
cd (d cd (d CO

s s sss

li^ O ^ fo
(VJ <*> f^J —

O -O 13 -D X)
c c c c c00000
U Ih U U L4

Cx« [Z4 [K4 U4 [ih

invor^ootJ'O—•rgro^iri^ijr-

of

Q
•o

o

o

o —

. o
~ o

— £
. 0.

_." z



c a.

- BC

^ or

01





y *

Bt -

>

t- a



f\) 00



CC o

o
o
tn

Q
U
Um

lo <
CQ

OJ "O Q

c *

IS
• — c

tfl ca j3 — -^ 5r^ =

CQ S-^^

rvj [d
1^1 o o

: fflin •

00

> >^^

a, o^' f<i

-1

c >^
o £
Q a.

O "

14
« .

•< c
c

CQ

St^Sl
:2 o . .

S m -o w
.- ^

' o ° r

; f; Id (« o
- "^I .^- °
' n c i^ -J

I
' O IM

1 O °^ CD

-^W 5 "S ? -2 . rg

:^ t- ^

H

<

u
X
o
2

t/i

U
H
<

9 c-E

<

S
u
a:

S o S iJ

_ -. o
;;; .„ j - j
CT^ -O O - L» -

— > " .: * -•

=^ vo' .^
I

.

. ^ M L;

o —
a: m

o o

o > o

>1

> s

s ^

. o

CL, u£^,=^*
r J <:

11 •*

-5

X o~ *
-^ c

cil

U3 T3
. C

: >> «
' o

":*
o

a. .

. s

. a

. u

ii CQ 5
6.

a. * ^ii

-" — . c

• .1^1 a; -1" J c

1^ »>

_ c

0, I

^ !H ^

00
-o r

—

. [ji in

=^.§":
=: " o
* Qa ..

^ 1- _
I

rg

o ^

CC 00 f^
I

. - f^ .«

S = -

c .S: . •

" x; -> CC
OS C/5

c
S
oIj^^^l

a)

il in CD

o

S
,

(^ '^ ' c

—
I rt .-

2 :S
<-> .-::r

sx:i
2 . ""

. ti "> -;

S « 2! .
f*^

Q " t- •:; -=

, O^ ^j iw
- * - g

- -b
I

- «;

00 o^

- " . J!

xn "^
-o ^

— at

-T in" -^ d
00 irt '—

' r\

.
rt

" e

0. a. - <in ^

^ rt ., _- r J; --J-a. CD _
rt rt t; •<

a.

w
a;

o

aj r- - = >



lti lo -^ r-

>

C [fl —
o o

frt O
rt

>
b So

o[fl

^ o o
.- „ en

^ M O 5; _

m O y^ aO tn

QJ 4;

tie tU)

—• —. in f\j

—

.

O -H

CO —

•

rO |U->

C3^ O M "T rsj vD

m |(\J —

«

—« in

rg -i -r

f*> m '^i

eeogooss ss 6 9

ooSuSSou
geeesEEo 9 9

o u

CO



o

z
<
J
a.

X
a
X
o

u

<

z
o
p
<
X
5u
(«
w
OS

s I

0) ni

Of

u

rg

of

DC

s
rt O
u o
aC
w —

.

O
o

o
Of

6 ^
j; o

OOP
c c 5

Il5

o
U

0^

^ CO >fi

ffi rvj rsj

.2 a

o: «



c 2

<u *J

L. <U



t,
-

1



r- in vO ^ -^
fM rg r\] rg fsl



U 01





—

•

lU

>

X
W

o
u

i O
Of

a
e "^

V
c
o
(J

a,

WWW



O -o -

^-£>.
M s>

\

«



3 '^

be

^ oc .^

a
>



o o o o

(M Oj fvj —

O O O
c c c
rt rt rt

s s s s

H H H
QC Qh £d

^- vO vO o
-^ nO fO fvj

O O O O^ (O fS] —

.

rj CO T fM

O O O O
rr ro rg -^

e E

u o

^ o
sQ -H ti^ '^

IT- O —
— fM f*1 rO

S 6 E E e o
4) 4» 5

o u S

—
. O '^J — O

C4 (4 (4 CI]

C C C
CO Q.

-; "I

^ 0) 0) -^

m a. H £
n) c4 <4 d]

c c c c

u u u u
(9 c4 m (4

c c c c

u o u o o

c c c c c

- _ rt

a> c 3
n C *J

3 J- C

a ™ 9-

2 »

u u

£•3

^ C O C <u ^

S § S 2 'd.'q.
" £ £ e

C 0) o
o nl rt

ii -^ -^

O U

o 5
O J3

£5

.2 e

u u u u
r^ 00 o^ o — fM "^
vo vO -^ r-- r- r- r-

f m ^ r- 00
r- r- r- r- t--

o^ o -^

r- CO CO 00 00 O^ O^ O^ CT^ CT^ O^ ff* CT^

363



c



fM fsi i-g rvj r^ m
m r- fM

00 00 * (M <NJ

^ f^ fl f*1 (*%

^ m r«ij pg (Nj r-

HI



3
O
c
«
hi
o

r.





o
•o
c



_. -. — o

r-



o
c
01
bs
o





3
o
c
u
BO
O
a

>-i bD

n
>

1



J

J

o

K

c
S

2

d

0)

c n
ffl >
S —

o

S^^

o CQ

CO

u Z-,
m cj

^ ^ *-.

— rt 1)

CO >D
-< >

^ "^
ICQ <;

'

O, r-

- PQ S '^"

c -H o

-J -J — :2

c : '^ -
rt o — -

^ -a

ffl - —

,

I'
—

- o ^
"^ c .

^^
0)

fv> ^0, 00

"" > .

' rt * rj

° o -

^ »^"
to nj tfl

• o,S

I " -
a A m

5 o
'^"

. rt fM

CT > —

,

-K c .

is; ^

ra i? «3 (0

Wtg

cu p ^ en
u] t, ..

c
. jr w '^

fNJ D o ^
>" IS 03 2;

o; ;* -S ^

<^ ""''^
iK

.2
"^ c S

rt
t^ CQ — :

O - . .

f t cs _:

-o'll^-

5 -o" J^ c > 3 •

I" -Id?""
m CD * fli 5

rt -I a o
i-d "O

. -r 1^
g o —. at

o £ .2 "S :

PQ _
<« ,-. " E

- C

"2
c T: c w S

XI



e
3
C

"
.s

u



o o

•J" tJ" tJ" ^ iniTiinin—.iTiinin-H^^

01



3 -^

s



o



E
3
C

3 ;:3

o
U

H
5
a:
(I.

c«

H
2
<
J
CL.

K
U
a:

o
£

U

<

2
O

a - ^ ry —

en
U

c
a
jc

at o



o^ o^ o^



H

Z
<
J

w
X
o
s

u

S i
z
o

<

Qu
CO
U

1





in

D
K
(k

CO
H
Z
<
J
fl.

OS

u
X
o
s

»
<

o
P
<

E
CO
U

- 00 ^ - 5 _

2 • * '•

4)*^

-"o;

- a i .

CO

=LJ •ri CO f^

<o|.^ a. rt a*
•«• 03

t s «-::;a'

a- — . -3 "O

- 2 -S 3 ^

^ T UJ

fc. -
— C

-lac

2. - 5
"*. w E
o cd "

•-1 u
"il oj x:

:2 o

-

3 « to

2^ w

0. K

CO X. W ^ o

CC

S3

i
.0,

Z c

o^ r-
~

„ 6

^ in

C <M
o .—. o^
J M -

m 2 u -5 -^
CT- 2 Q. o- -C

-
c- S -

-s

5f>0^ in

O "^ "*

** -_"
•g

"" "

j2 :

rt ,—

.

,
m

tt '-^

o
U ;^ V m

n —
. «



r-





APPENDIXES

385





APPENDIX I. CONSTANTS FOR USE IN BODY SURFACE AREA FORMULA: MAMMALS
K-values are derived from surface area values taken from extensive literature sources, using the formula

K = A(sqcm)W^/3(g). Weights are given in grams for convenient use in the formula and do not imply significance

corresponding to number of digits. Method of determining surface area: C = paper cover, I = surface integrator,

M = mold, P = perimeter, S = skinning, T = triangulation. Values in parentheses are ranges, estimates "c" (body

weight) and "d" (K-value) of the 95% range (cf Introduction).



APPENDIX I: CONSTANTS FOR USE IN BODY SURFACE AREA FORMULA: MAMMALS (Concluded)

References : [ 1) Custor, J.. Arch. Anat. Physiol., Lpz. ?:503, 1873. [2] De Almeida. A. C, Fialko, B. de A., and

SUva. O. B., C. rend. Soc.biol. 95:956, 1926. [ 3] Pearson, O. P., Ecology 28:127. 1947. [ 4] Thomas. K., Arch. Anat.

Physiol.. Lpz. ?:36.1911. [5] SeuCfert. R. W.. Giese, R..and Meyer, R., Beitr. Physiol. 2:203, 1926. [6] Trowbridge,

P.. Moulton. C, and Haigh. L., Missouri Agr. Exp. Sta. Res. BuU. J^:l. 1915. [ 7] Giaja. J., and Males. B..

Ann. Physiol., Par. 4:884. 1928. [ 8] Rubner. M., Zschr. Biol. 19:553, 1883. [9] Cowgill, G. R., and Drabkin,

D. L.. Am. J. Physiol. 81^:36, 1927. [10] Hecker, C. Zschr. Veterinark. 6:97, 1894. [ U] Pfaundler, M., Zschr.

Kinderk. U:69, 1916. [12) Kettner, H.. Arch. Anat. Physiol. Lpz., p447, 1909. [13] Dreyer, G., and Ray, W..

Philos. Trans. Roy. Soc. London, 202:191, 1912. [14] Seuffert, R. W., and Hertel, F., Zschr. Biol. 82:7, 1925.

[15] Brody, S., Comfort, J. E., and Matthews, J. S., Univ. Missouri Agr. Exp. Sta. Bull, l^^: 1 . 1928.

[16] Benedict. F. G.. Erg. Physiol. 36:300, 1934. [17] Rubner, M.. "Die Gesetze des Energieverbranches bei

der Ernahrung." Leipzig and Vienna. T902. [18] Giaja. J.. Ann. physiol.. Par. 1^:597. 1925. [19] Benedict. F. G.,

Yale J. Biol. 4:385, 1932. [20] Gley, E., and De Almeida. A. C. C. rend. Soc. biol. 90:467. 1924. [21] Hill,

A. v., and Hill, A. M.. J. Physiol. 46:81, 1913. [22] Diack, S. L., J. Nutrit. 3:289, 1930. [23] Carman, G. G..

and Mitchell. H. H.. Am. J. Physiol. 76:380. 1926. [24] Lee, M. O. , and Clark, E., ibid 89:24, 1929.

[25] Mardones, G., C. rend. Soc. biol. 108:118, 1931. [26] Lines. E. W., and Pierce. A. W., BuU. Counc. Sc.

and Ind. Res., Melbourne 55:21(f), 1931.~r27] Ritzraan. E. G., and Colovos, N. F., Agr. Exp. Sta. Circ, Univ.

New Hampshire 32:1, 1930. [28] Mitchell, H. H., Ann. Rept. Illinois Agr. Exp. Sta. STT^^ 1^5, 1928. [29] Parry,

D. A., Quart. J. Micr. Sc. Lond. 90:13. 1949.

APPENDIX II. BODY SURFACE AREA: INFANTS AND YOUNG CHILDREN

Nomogram is based on formula appearing in DuBois, D.. and DuBois, E. F., Proc. Soc. Exp. Biol. j^:77. 1916.

Height



APPENDIX III. BODY SURFACE AREA: OLDER CHILDREN AND ADULTS

Nomogram is based on formula appearing in DuBois, D., and DuBois, E. F., Proc. Soc. Exp. Biol. 13:77. 1916.
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APPENDIX IV. STANDARD SYMBOLS IN RESPIRATORY PHYSIOLOGY

The following symbols conform to standards adopted by pulmonary physiologists, as published in Federation Pro-

ceedings 9:602, 1950. Use of these symbols throughout the HANDBOOK OF RESPIRATION was not feasible because

of mechanical limitations in the preparation of copy.

Primary Symbols

(Large capital letters)

Secondary Symbols

(Small capital letters)

V = gas volume

V = gas volume/unit time

P = gas pressure in mm Hg

F = fractional concentration in dry gas phase

f = respiratory frequency, breaths/unit time

R = respiratory exchange ratio, VCO2/VO2

I
- inspired gas

E = expired gas

A = alveolar gas

T = tidal gas

D = dead space gas

B = barometric

STPD = standard temperature and pressure, dry

(0°C, 760 mm Hg)

BTPS = body temperature and pressure, satu-

rated with water vapor

ATPDj ambient temperature and pressure, dry

ATPS or saturated

Va (alveolar ventilation) is in L/min (BTPs). VOj and Vco^ are in ml/min (stpd). Dash (-) above any symbol

indicates a mean value. Dot (") above any symbol indicates a time derivative.

The following conventions for symbols denote location and molecular species:

1. Localization in the gas phase is represented by a small capital letter immediately following the principal

variable.

2. Molecular species is denoted by the full chemical symbol, printed in small capital letters immediately

following the principal variable.

3. When specification of both location and molecular species is required, the first modifying letter is used for

localization and the second for species. In the latter case, the chemical symbol appears as a subscript.

Contributor : Swann, H. G.

Reference: Comroe. J. H., Jr., et al, Fed. Proc. 9:602, 1950.

APPENDIX V. RESPIRATORY EQUATIONS

I. O2 consumption and CO2 production:

(I) V02 - Ve
[Fio2(1-Feco2)-Feo2(1-FIco2)1

[ll

,
[FEco,(l-Fio2)-Hic02a-FEoJl

(2) VCO2 = Ve =

(1-Fio -F1CO2)

ll]

390



APPENDIX V. RESPIRATORY EQUATIONS (Concluded)

II. Alveolar gas equations:

'co.IfVlrOj = 0,

O) Paoj = Fioj(Pb-Pahjo)-Pacoj Fir

(l-FiOj)

Ra

(4) Pao^ = Pio^-
•SfiSVojd-Fioj)

Va

-FIqjxPacOj-

IfVlrn >0,

(5) Pao,
Pio,R+Paco, Flo (1 -R) + Pico,- Paco,

Ficoja-R)+R

III. Alveolar ventilation equations (Vlj-Q = 0):

(6) Va = (Vt - VD)f.

Vcoj
(7) Va =.

(8) Va =

Fa,

Ra
Vo,

Fa,

(9) Va = (Pb- Pahjo)-
Ra

PAr
Vo,

[11

[2]

[2]

[1]

[1]

[1]

[1]

In equations ('i)-(9), Va and VCO2 are under the same conditions and in the same units. However,

the general condition for VcOj is at STPD and for Va at BTPS. If, furthermore, we express the

former in ml/min and the latter in L/min and change Fa^o, t° PAco,. "« *<»'« customary units

for all parameters at any barometric pressure. After these changes, equation (7) becomes

Vco,(ml/min, STPd) x .863

(10) Va (L/min, BTPS) = , and [2]

PAcOj

X .863

[2](II) Va =
Vo, X R X .863

Pa,

IV. Respiratory dead space equations:

Va
(12) Va = (Vt ).

f

Bohr Equation using any gas x (at BTPS ):

(Fe,-Fa.)

[1]

Vt. [1](13) Vd. =-

(Fi, -Fa.)

Contributors: (a) Swann, M. G., (b) Cassin, S. W.

References : [ll Comroe, J. H., Jr., et al. Fed. Proc. 9:602, 1950. [2] Rahn, H., and Fenn, W. 0., "A

Graphical Analysis of the Respiratory Gas Exchange: The O2 - CO2 Diagram," Washington, D. C:

The American Physiological Society, 1955.
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INDEX

Asterisk (*) indicates graph or diagram.

ABBREVIATIONS in respiratory physiology, 390

ACAPNIA, effect on cerebral respiration (dog), 313

ACCLIMATIZATION to altitude (See ALTITUDE(S))
ACETONE

effect on pulmonary function (mammals), 178, 179

partition coefficients, 5

ACETYLENE
diffusion coefficients, 11

partition coefficients, 5

solubility coefficients, 8

ACID, definition, 95
ACID-BASE BALANCE OF BLOOD (man). 86-92;

(vertebrates), 93, 94

arterial blood, 88, 90, 91, 93, 94. 96*, 97

ionic patterns, 96*
constants, factors, formulas, 86-87

cutaneous blood. 90-92, 97

definitions, 95
physiological variability, 91, 92
venous blood, 89, 90. 92-94

ACID- BASE IMBALANCE OF BLOOD, 94-98
classification. 97

definitions. 95

ionic patterns, 96*

pathways, 98*

ACIDOSIS
in acid-base imbalance, 98*

alveolar CO2 in, 267

as defined in acid base, 95
effect on acid-base variables, 97

respiratory dead space during. 51

AGE
vs basal respiratory functions. 44. 45

effect on acid-base balance, 91. 92
vs lung volumes. 38, 39

vs maximal breathing capacity. 130. 132

and sitting height vs vital capacity. 37

and standing height vs vital capacity. 36

vs tidal and minute volumes, 43

vs vital capacity, 30

AIR (See also specific air)

density at altitude, 2

inhalation during decompression (dog), 175

as respiratory medium, 3

AIR FLOW
rate, 137, 138

respiratory characteristics, 138

AIR VELOCITY INDEX, prediction formula and normal
values, 29

ALKALOSIS
in acid-base imbalance. 98*
alveolar COj in. 267

as defined in acid base, 9 5

effect on acid-base variables, 97
ALTITUDE(S)

atmospheric pressure, O2 partial pressure, and air

density at, 2

blood gases at, 151-156
diffusion capacity of lungs at, 52

effect on pulmonary function, 151-156

after acclimatization, 151, 156

with exercise, 155, 156

effect on venous blood lactate, 60

ALTITUDE(S) (concluded)

erythrocyte values at (vertebrates), 106, 107

hemoglobin values at (vertebrates), 106. 107

respiratory characteristics of air at, 3

temperature at various. 2

ALVEOLAR- CAPILLARY DIFFUSION. 53*

ALVEOLAR DUCTS AND SACS, 13, 14*, 17

ALVEOLAR GAS(ES) (See also specific gases)

in acidosis and alkalosis, 267

added dead space, 266

added resistance, 266

at altitude. 151-156

before and after apnea. 263

in basal respiration. 44, 45

CO2 (See CARBON DIOXIDE)
composition and partial pressures, 4

effect of combined anoxia and hypercapnia, 158,

159*

effect of exercise, 155

equations, 390, 391

factors affecting, 263-267

during hyperventilation. 263

N2 (See NITROGEN)
O2 (See OXYGEN)
physiological variability. 91. 92
during pulmonary fibrosis, 268
summary of values, 392

ALVEOLAR VENTILATION (See also VENTILATION)
effect of drugs (mammals), 178-199

equations, 391

vs pulmonary capillary blood flow, 392

ALVEOLI, RESPIRATORY, 13, 14*. 17

ANATOMIC DEAD SPACE (See DEAD SPACE,
RESPIRATORY)

ANATOMY, BASIC RESPIRATORY, 12-26

ANESTHESIA
A-V differences during (mammals). 58

cerebral blood flow and O2 consuniption during
(mammals), 312

ANESTHETICS (See also DRUGS, effects of, 178-252)

as antagonists of drugs acting on the bronchi
(vertebrates), 226-230, 252

respiratory response to (mammals), 200, 201

ANTHRACOSIS. 270

ANTICHOLINESTERASES (See also DRUGS, effects of,

178-252)

as antagonists and potentiators of drugs acting on the

bronchi (vertebrates). 230

respiratory response to (mammals). 200

ANTIHISTAMINES (See also DRUGS, effects of, 178-252)

as antagonists of drugs acting on the bronchi

(mammals), 231-238
ANOXIA (See also ALTITUDE(S))

cerebral metabolism during (dog), 314

effect on alveolar CO2 and O2 pressures. 158, 159*

effect on pulmonary function (dog), 157

survival and revival times of animal tissues, 311

AORTIC- BODY AND CAROTID- BODY RESPIRATORY
REFLEX, 139

APNEA
alveolar air, before and after, 263

artificial respiration for. 141

ARGON, partition coefficients, 5

395



ARM- LIFT METHOD, artificial respiration, 141. 142

ARTERIAL BLOOD (See ACID BASE; BLOOD; BLOOD
GAS(ES); specific blood gases)

ARTERIO-VENOUS DIFFERENCES
effect of decompression (dog). 175

for gases (mammals). 56. 58, 314

for glucose. 59. 61

for lactate, 59. 60

for pyruvate. 59

ARTIFICIAL RESPIRATION. 141. 142

ASBESTOSIS. 268. 270
ASTHMA

and pulmonary compliance. 137

and respiratory dead space. 51

ATMOSPHERIC PRESSURE, at altitude. 2

ATPS. definition, 1. 2

BASAL RESPIRATORY FUNCTIONS
vs age, 44. 45

prediction formulas and normal values. 28. 29

BASE, definition. 95
BAUXITE FUME PNEUMOCONIOSIS. 270

BERYLLIOSIS, chronic, 270

BERYLLIUM GRANULOMATOSIS, 268

BICARBONATE, in acid-base imbalance, 96*. 97
BILADIENES. 120, 121

BILADIENONES. 122

BILANES, 119

BILATRIENES, 122

BILENEDIONES, 122

BILENES. 120

BILIRUBINOIDS. 118-123

BLOOD
acid-base balance and imbalance (See ACID BASE)
A-V differences (See ARTERIO-VENOUS

DIFFERENCES)
CO2 (See BLOOD GAS(ES); CARBON DIOXIDE)
erythrocyte values. 99-107 (See also

ERYTHROCYTE(S)
fetal (See OXYGEN DISSOCIATION)
glucose, 59, 61

H2CO3 dissociation

constants (mammals), 63

formula, 86

lactate, 59, 60

hemoglobin values, 99-107 (See also HEMOGLOBIN)
maternal (See OXYGEN DISSOCIATION)
O2 (See BLOOD GAS(ES); OXYGEN)
O2 dissociation (See OXYGEN DISSOCIATION)
pyruvate. 59

in relation to cerebral respiration (dog). 313, 314
umbilical, 82, 83

BLOOD GAS(ES) (See also specific gases)
in acid-base balance and imbalance (See ACID BASE;

specific gases)
at altitude, 151-156

comparisons, 57

composition of transported gases, 4

during decompression (dog), 175, 176

effect of anoxia, 152-157

effect of drugs (mammals). 178-199
effect of exercise. 155

at increased atmospheric pressures (mammals).
172, 174

in newborn and adult man, 57

in pulmonary capillaries, 53*

during pulmonary fibrosis. 268
pressure (See specific gases)

BLOOD GAS(ES) (concluded)

in relation to cerebral respiration (dog). 313. 314

saturation (See OXYGEN)
and temperature changes (mammals), 62*. 63*. 72.

73*. 75*

in umbilical blood, 82, 83

variables, factors, and constants, 56

BLOOD pH, 88-94, 96*, 97, 98*

in acid- base balance and imbalance (See ACID BASE)
breathing CO2 concentrations. 163. 164

in calculating serum pK' (mammals). 63*

effect of anoxia (dog). 157

effect of hyperventilation, 157

at increased atmospheric pressures (mammals),
172. 173

O2 dissociation curves at various levels of, 7 4*

values for constructing O2 dissociation curves
(invertebrates), 70, 71; (vertebrates). 66-70

BLOOD PRESSURE
breathing O2 at increased atmospheric pressures. 174

during decompression (dog). 175-177

under various conditions (mammals). 54, 55

BODY SURFACE AREA (See SURFACE AREA)
BODY TEMPERATURE (See TEMPERATURE)
BODY WEIGHT (See WEIGHT)
BOHR EQUATION. 391

BREATHHOLDING
effect on alveolar air, 263

effect on respiratory dead space, 48, 49

BREATHING (See also RESPIRATORY RATE;
VENTILATION)

depth of (See TIDAL VOLUME)
mechanics of, 130-139

BRONCHI. 12. 14*. 17. 18

drugs acting on, 202-252 (See also DRUGS, effects of,

178-252)

BRONCHIOLES, 14*, 17

BRONCHIOLO- RESPIRATORY REFLEX, 139

BRONCHOPULMONARY SEGMENTS, 15*

BTPS. definition, 1 , 2

BUFFER BASE, in acid-base balance and imbalance. 86,

88. 90-92, 95, 96*-98* (See also ACID BASE)
definition, 95

formula, 86

CAPILLARIES. PULMONARY. O2 diffusion, 53*

CAPILLARY BLOOD
composition of transported gases in, 4

summary of values, 392

CARBON DIOXIDE
composition and partial pressure in respiratory

gases, 4

consumption (plants), 316-383 (See also RESPIRATION
RATES)

depression of solubility by various salts, 5

diffusion coefficients, 10, 11

effect of breathing various concentrations on respired

air, 265

in expired air, 44

molecule, respiratory: characteristics, 3

permeation coefficients, 10. 11

production equation. 390

production at increased ambient pressure, 174

in respiratory media. 3

solubility coefficients. 6-9. 56

survival time, breathing concentrations of (mouse),

165, 166
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CARBON DIOXIDE (ALVEOLAR)
in acidosis and alltalosis, 267

added dead space values, 266

in basal respiration, 44, 45

breathing various CO2 concentrations, 163, 164

effect of exercise, 155, 263-265
during hyperventilation, 263

pressure, 392

at altitude, 151-155

in basal state, 45

breathing various CO2 concentrations, 163, 164

breathing O2 concentrations, 170, 174

effect of combined anoxia and hypercapnia, 158, 159*

physiological variability, 91, 92
respiratory dead space for, 49

threshhold, 163, 164

CARBON DIOXIDE (BLOOD), 56, 57 (See also ACID
BASE)

absorption as function of PCO2 (animals), 64, 65

A-V differences (mammals), 56, 58, 314

equations for calculating absorption, 64, 65

pressure, 56, 57, 392

at altitude, 151, 156

effect of anoxia, 156, 157

breathing various CO2 concentrations (mammals),
163, 173

effect of decompression (dog), 175

effect of drugs (mammals), 178-199
effect of temperature changes (mammals), 62*

in fetal and maternal blood, 83, 84

during pulmonary fibrosis, 268
in relation to cerebral respiration (dog), 313

values for constructing O^ dissociation curves,
66-71 (See also OXYGEN DISSOCIATION)

CARBONIC ACID
calculation of serum pK' (mammals), 63*

dissociation constants (mammals), 63

dissociation formula, 86

CARBON MONOXIDE
diffusion coefficients, 11

effect on pulmonary function (dog), 182, 183

permeation coefficients, 11

solubility coefficients, 6

CAROTID- BODY CHEMORECEPTORS, respiratory

action of drugs influencing (mammals), 200

CEREBRAL BLOOD FLOW, O^ consumption, and
vascular resistance (mammals). 312

CEREBRAL RESPIRATION (dog), 313, 314
CHEMORECEPTORS, CAROTID- BODY: respiratory

action of drugs influencing (mammals), 200

CHLORIDE ION, plasma constituent (vertebrates). 93, 94
CHLOROFORM

partition coefficients, 5

respiratory action, 200, 204, 250
CHLOROPLASTS, pigments of, 124, 125

CIRCULATION, PULMONARY (mammals), 54, 55

summary of values, 392

COEFFICIENTS of various gases
diffusion, 3, 10, 11

partition, 5

permeation, 10, 11

solubility, 6-9. 56

COMPLIANCE, 392

lung-thorax system (mammals), 135

pulmonary (vertebrates), 135-137
CORONARY REFLEX, 139

COR PULMONALE (mammals), 54, 55

CORPUSCLES (See ERYTHROCYTE(S)! RBC)
CUIRASS METHOD, artificial respiration, 142

CYCLOPROPANE
partition coefficients, 5

respiratory action, 201

CYTOCHROMES
animals and higher plants, 124, 125

bacterial. 128. 129

iron-porphyrin pigments, 115-117

DALTON'S LAW, 4

DEAD SPACE. RESPIRATORY
added, effect on respired air. 266

anatomic (mammals), 46-48*, 49, 50*, 51

during CO2 hyperpnea, 47

effect of breathholding, 48, 49

effect of exercise, 47

equations, 391

and functional residual capacity (dog), 48*

in pathological conditions, 51

physiologic (mammals), 28, 46-48*. 49. 50*. 51, 392

and tidal volume (mammals), 47, 48*, 50*, 51

for various gases, 49
DECOMPRESSION

effect on blood gases (dog), 175

effect on blood pressure, respiratory rate and pulse

rate (dog), 176*

effect on internal pressures (dog), 177

DEFLATION RECEPTORS, PULMONARY: respiratory

action of drugs influencing (mammals), 201

DENSITY, AIR, 2, 3

DIFFUSION, ALVEOLAR-CAPILLARY, 53*

DIFFUSION CAPACITY of lungs, 52

DIFFUSION COEFFICIENTS of gases. 3. 10. II

DIPYRROLIC COMPOUNDS, characteristics. 123

DISEASE (See also specific disease)

comparative pathology of the pneumoconioses. 270

effect on cerebral blood flow and O2 consumption
(mammals). 312

effect on lung connpliance. 137

effect on pulmonary circulation (mammals), 54. 55

effect on pulmonary function, 268

respiratory dead space during, 51

DISSOCIATION CONSTANTS, H2CO3 (mammals). 63

DISSOCIATION, Oz (See OXYGEN DISSOCIATION)
DIVINYL ETHER

partition coefficients, 5

respiratory action. 200

DRUGS
effects of, 178-252

effect on A-V O2 and CO2 differences (mammals), 58

effect on cerebral blood flow and O2 consumption
(mammals), 312

effect on pulmonary circulation (mammals), 54

effect on pulmonary function (mammals), 178-199

influencing afferent end-organs, respiratory action

(mammals), 200. 201

DRUGS ACTING ON THE BRONCHI (vertebrates), 202-252

aerosols, gases and vapors, 250-252

antagonists and potentiators of, 226-248, 252

direct action of, 202-214, 250, 251

pA^ values for antagonists of, 249

sympathomimetic amines, 215-225, 251

DYSPNEA, physiology of, 274

EISENMENGER SYNDROME, effect on pulmonary
circulation (mammals), 54, 55
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EMERSON METHOD, artificial respiration. 141, 142

EMPHYSEMA (mammals). 51. 54, 270

END-CAPILLARY O^ PRESSURE, 53*

ENDOPLASMIC RETICULUM, pigments of, 124

END-ORGANS. AFFERENT: respiratory action of drugs
influencing (mammals). 200,201

ENERGY EXPENDITURE
basal. 45

with exercise, 149

EPIGLOTTIS, 12, 14*

EQUATIONS in respiratory physiology. 28. 29. 390. 391

ERGOT DERIVATIVES
as antagonists and potentiators of drugs acting on the

bronchi (mammals). 239. 240, 249

respiratory action. 188, 189

ERYTHROCYTE(S) (mammals), 100-102; (man), 99. 100.

102, 103, 107; (vertebrates), 103-106

from birth to maturity, 102, 103

CO^ absorption at various pC02, 64

in fetus, newborn and adult female, 100-102

gases, 56

H2CO3 dissociation constants (mammals), 63

O^ consumption. 103. 286

during pregnancy and postpartum. 100-102

at sea level and at altitude. 106. 107

ESTERS (See also DRUGS, effects of. 178-201)

as antagonists of drugs acting on the bronchi
(mammals), 244-246

ETHYLENE
partition coefficients. 5

solubility coefficients. 8, 9

ETHYL ETHER
partition coefficients, 5

respiratory action, 200

EVE ROCKING METHOD, artificial respiration, 141, 142

EXERCISE (See also WORK)
effect on A-V lactate levels and differences. 60

effect on A-V O^ and CO2 differences (mammals), 58

effect on heart rate, 144-146*

effect on O^ diffusion, 52

effect on pulmonary circulation (mammals), 54, 55

effect on pulmonary compliance, 136

effect on pulmonary fibrosis, 268

effect on pulmonary function, 143-146*, 147-150*
at altitude, 155, 156

effect on respired air, 263-265
respiratory dead space during, 47

ventilation during, prediction formulas and normal
values, 29

EXPIRATORY RESERVE VOLUME, 27*, 38, 392
definition, 27

effect of posture, 40

effect of pregnancy, 40

EXPIRED AIR, 4, 44, 285 (See also ALVEOLAR
GAS(ES); RESPIRED AIR; specific gases)

FETAL TISSUES, O^ consumption, 299-307
FETUS, erythrocyte and hemoglobin values, 100-102
FIBROSIS, PULMONARY. 268

effect on lung compliance, 137

incidence in the pneumonconioses, 270

from radiation exposure. 253, 254, 257, 258
and respiratory dead space, 51

FUNCTIONAL RESIDUAL CAPACITY, 27*, 39, 40, 392

definition. 27

and pulmonary compliance, 136

and respiratory dead space (dog), 48*

GANGLIONIC STIMULANTS, respiratory response to

(mammals). 200 (See also DRUGS, effects of,

178-252)

GAS(ES) (See also ALVEOLAR GAS(ES); BLOOD GAS(ES);
specific gases)

diffusion coefficients, 10, 11

inhaled, effect of various concentrations, 151-177, 250
(See also DRUGS, effects of, 178-252)

partition coefficients. 5

permeation coefficients, 10, 11

respiratory equations, 390, 391

in respiratory media. 3

solubility coefficients, 6-9

GAS VOLUMES, conversion factors, 1, 2

GLUCOSE (BLOOD)
in cerebral respiration (dog), 313

effect of ingestion on A-V differences, 61

postabsorptive, A-V differences, 59

HALDANE EFFECT, at various PCO2 (animals), 65

2-HALOETHYLAMINES. as antagonists and potentiators

of drugs acting on the bronchi (mammals).
240-242

HAMMAN-RICH SYNDROME, effect on pulmonary
function, 268

HEART RATE
at altitude. 152-155

effect of decompression and recompression (dog). 176*

effect of exercise, 144-146*, 155

effect of O2 inhalation at increased ambient pressures,
174

HEAT, effect on respired air, 264

HEAT PRODUCTION
in basal respiration, 45

during exercise, 147-150

prediction forniula and normal values, 28

HEIGHT
vs maximal breathing capacity, 130, 132

and weight, in calculating body surface area, 388*, 389*

HEIGHT, SITTING, and age vs vital capacity, 37

HEIGHT, STANDING
and age vs vital capacity, 36, 38

vs maximal breathing capacity, 130

vs vital capacity, 31, 34*, 35*, 36, 38

HELIUM
dead space for, 49

diffusion coefficients, 11

partition coefficients, 5

permeation coefficients. II

solubility coefficients, 8, 9

HEMATIN ENZYMES, characteristics, 114-117

HEMATOCRIT values, 86, 90, 99-107
HEMOGLOBIN (mammals), 100-102; (man), 88, 89, 91,

92, 99, 100, 102, 103, 107; (vertebrates), 93, 94,

104-106

in pregnancy and postpartum, 100-102

saturation (See OXYGEN DISSOCIATION)
at sea level and at altitude, 106, 107

HEMOGLOBIN COMPOUNDS, characteristics, 111-114

HENDERSON-HASSELBALCH EQUATION, 86

HERING-BREUER REFLEX, 139

HIP- LIFT METHOD, artificial respiration, 141. 142

HIP- ROLL METHOD, artificial respiration. 141, 142

HYDROBILANES, characteristics, 119

HYDROBILENES, characteristics, 120

HYDROGEN
diffusion coefficients, II

partition coefficients, 5
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HYDROGEN (concluded)

permeation coefficients, 11

solubility coefficients, 6, 8, 9

HYPERCAPNIA
effect on acid-base variables, 97, 98

effect on respiratory variables (mammals), 158, 159*.

160-166

HYPERGLYCEMIA, alimentary: effect on A-V glucose

differences, 61

HYPERPNEA, CO2; dead space during, 47

HYPERTENSION, primary pulmonary (mammals),
54, 55

HYPERVENTILATION
alveolar CO^ during, 263

and cerebral respiration (mammals), 312, 313

effect on A-V lactate levels and differences, 60

effect on blood CO2 carriage, 157

HYPOCAPNLA, effect on acid-base variables, 97, 98

HYPOXIA(S) (See also ANOXIA)
effect on pulmonary circulation (mammals), 54

physiologic classification, 272, 273

INFANT(S)
apneic, artificial respiration, 141

A-V blood gas comparisons, 56, 57

bronchi, 18

erythrocyte and hemoglobin values, 100-103

lung and airway resistance, 137

lung weight, 16

increments during first year, 16*

and volume increments, 17*

minute volume, 42, 43

nomogram for calculating body surface area, 388

pulmonary compliance, 137

respiratory alveoli, 17

respiratory rate, 42

sinuses, 19

tidal volume, 42, 43

trachea, 18, 19

INSPIRATORY CAPACITY, 27*, 38. 392

definition, 27

effect of posture, 40

effect of pregnancy, 40

INSPIRATORY RESERVE VOLUME, 27*

definition, 27

INSPIRED AIR, 4, 285 (See specific gases)

IONIC PATTERNS, acid-base balance and imbalance. 96*

IRON PORPHYRINS, characteristics. 110-118

KRYPTON, partition coefficients. 5

LACTATE (BLOOD)
A-V differences, 59, 60

effect of exercise and hyperventilation, 60

LACTIC ACID (BLOOD)
depression of O^ and CO2 solubility by, 5

effect of exercise, 144, 145, 264

in relation to cerebral respiration. 313, 314

LARYNX. 12, 14*

LINE CHARTS
blood O2 dissociation, 72. 73

temperature changes vs blood CO2 and O2 pressures
(mammals), 62

LUNG(S), 12-14*, 15*, 20*

and airway resistance, 137

compliance, 135-137

development, 12, 13

diffusion capacity of, 52

lobes, 14*, 20*

bronchopulmonary segments, 15*

weight relationships. 21

O2 uptake and ventilation, right vs left, 45

tissues

CO2 capacity (dog), 165

O2 consumption (vertebrates), 291

volume, right vs left, 29

weight (amphibians), 2b; (birds), 25; (mammals), 16*,

17*, 21-24; (reptiles), 26

increments during first year, 16*

relationships, 20*, 21-26

and volume increments during first year, 17*

LUNG CAPACITIES (See TOTAL. VITAL, INSPIRATORY,
and FUNCTIONAL RESIDUAL CAPACITIES)

LUNG-THORAX SYSTEM, compliance of (mammals), 135

LUNG VOLUME(S), 28, 38, 39 (See also VITAL
CAPACITY; TIDAL, INSPIRATORY RESERVE,
EXPIRATORY RESERVE, and RESIDUAL
VOLUMES)

and barometric pressure, 1*

conversions, 1*, 2

definitions, 1, 2, 27

effect of posture, 40

effect of pregnancy, 40

intrapulmonary pressures at various, 133, 134

prediction formulas, 28

and pulmonary function, 27-54

and pulmonary pressures (mammals). 133-135

subdivisions of. 27*

summary of values. 392

MANUAL ROCKING, artificial respiration. 14i, 142

MAXIMAL BREATHING CAPACITY, 29. 132, 392

vs age, 130, 132

vs body surface area, 131, 132

effect of pregnancy, 40

effect of pulmonary fibrosis, 268

prediction formula, 29

vs standing height. 130, 132

vs weight, 131 , 132

MEDIA
diffusion coefficients of gases in various, 3, 10, 11

effect of K+ on tissue O2 consumption in various,

309, 310

permeation coefficients of gases in various, 10, 11

respiratory, characteristics, 3

solubility coefficients of gases in various, 6-9

METABOLIC FACTOR in acidosis or alkalosis,

definition, 95
METABOLISM, CEREBRAL: during anoxia (dog), 314

MINUTE VOLUME (man), 42-45. 392; (vertebrates). 41, 42

at altitude. 151-156

in basal state. 44

breathing CO2 concentrations (mammals), 160-162

breathing N2 concentrations (mammals), 151, 174

breathing O2 concentrations (mammals). 167-169, 174

effect of added dead space, 266

effect of drugs (mammals), 178-199

effect of exercise, 155, 156, 263-265

effect of heat, 264

effect of posture, 43
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MINUTE VOLUME (concluded)

effect of pregnancy, 40

during hyperventilation, 157, 263

in infants, 42

MITOCHONDRIA
cytochrome system of, 126*- 127*

pigments of, 124

MOLECULES, RESPIRATORY: characteristics.
MOUTH-TO-MOUTH METHOD, artificial

respiration, 141, 142

NARES, 12

NASAL EPITHELIUM. 12

NASAL- LACRIMAL DUCT. 12

NEON, partition coefficients, 5

NEWBORN (See INFANT(S))
NITROGEN

in alveolar air, 29

in blood, 56

composition and partial pressure in respiratory air, 4

diffusion coefficients, 11

in expired air, 266

exposure, effect on respiratory rate, tidal and minute
volumes, 151

molecule, respiratory: characteristics, 3

partition coefficients, 5

permeation coefficients, 11

respiratory dead space for, 49
in respiratory media, 3

solubility coefficients, 6, 8, 9, 56

washout, pulmonary, 171*
NITROUS OXIDE

diffusion coefficients, 11

partition coefficients, 5

respiratory action, 201, 250

solubility coefficients, 8, 9

NOMOGRAMS
for calculating body surface area, 388, 389
for estimating tidal volume in tank respirator

settings, 140

serum pK' for given temperature and pH (mammals), 63
NOSE, 12, 14*

OXYGEN
consumption (See OXYGEN CONSUMPTION)
depression of solubility by various salts. 5

diffusing capacity, lungs, during pulmonary fibrosis. 268
diffusion coefficients. 10. 11

diffusion of lungs. 52

effect of breathing various concentrations (mammals).
167-170

In expired air. 44. 285
inhalation during decompression (dog). 175. 176*
molecule, respiratory: characteristics. 3

permeation coefficients. 10, 11

in respiratory gases. 3. 4, 285
solubility coefficients. 6-9. 56

uptake (See OXYGEN CONSUMPTION)
OXYGEN (ALVEOLAR)

at altitude, 151-155
before and after apnea. 263
effect of added dead space. 266
effect of added resistance. 266
effect of breathing various concentrations. 174
effect of combined anoxia and hypercapnia. 1 58. 1 59*
effect of exercise. 155, 263-265

OXYGEN (ALVEOLAR) (concluded)

pressure. 44. 392

in pulmonary capillaries. 53*

during pulmonary fibrosis. 268

respiratory dead space for. 49

OXYGEN (BLOOD), 56. 57. 392
at altitude. 151-155
A-V differences (mammals), 56, 58, 175, 314

breathing CO2 concentrations, 163, 164

breathing O2 concentrations, 169. 170

capacity during pregnancy, 82, 83

dissociation (See OXYGEN DISSOCIATION (BLOOD))
effect of decompression (dog), 175

pressure, 56, 57, 392

at altitude, 156

vs blood O2 saturation (mammals), 66*, 72, 73*-75*,
77*-81*, 85*

breathing various O^ concentrations. 169. 170
in cerebral respiration (dog). 313
effect of exercise, 156

fetal and maternal blood, 83

in pulmonary capillaries, 53*

during pulmonary fibrosis, 268
and temperature changes (mammals), 62*, 72, 73*,

75*

values for constructing O2 dissociation curves, 66
saturation (See also ACID BASE)

at altitude, 151-155
curves (mammals), 66*, 74*, 75*. 77*-81*, 85*
definition, 66, 7 6

effect of anoxia (mammals), 152-155, 157, 314
effect of decompression (dog), 175
effect of exercise, 155

in fetus (mammals), 82, 83, 85*

line charts, 72, 73

vs O2 pressure (mammals), 66*, 72, 73*-75*,
77*-81*, 85*

vs pH, 74*

during pregnancy, 82, 83

in pulmonary fibrosis, 268
vs temperature, 72, 73*, 75*

OXYGEN CONSUMPTION, 28, 45, 392
at altitude, 151-153, 155

animal organisms (helminths, 276, 277); (inverte-

brates), 278-280; (mammals), 283-285; (protozoa),
275, 276; (vertebrates other than mammals),
281-283

animal tissues

blood-formed elements, 286, 287

blood vessels, 286, 287

brain (vertebrates), 294, 295, 312
effect of K+, 308-310
epithelium, 287, 288

fetal tissues (chick), 300-302; (frogs), 303, 304;

(guinea pig), 300; (killifish), 307; (newt), 305; (rat),

299, 300; (salamanders), 305, 306; (salmon), 307;

(sheep), 299; (snake), 302

gland tissues, 288, 289

liver, 290, 291

lung, 291

lymph nodes, 286, 287

marrow, iSb, 287

muscle tissues, 291, 292

neoplasms, 293

nerve tissues, 294-296
placental tissues, 298
reproductive tissues, 297, 298
spleen, 286, 287

thymus, 286, 287

effect of drugs (mammals), 178-199
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OXYGEN CONSUMPTION (concluded)

equation, 390

erythrocytes, 103, 286

during exercise, 143-146*, 147-150*, 155, 263-265

plants. 315-383 (See also RESPIRATION RATES)
OXYGEN DISSOCIATION (BLOOD), 66-85

curves (carnivores), 78; (cetacean), 81; (man), 74, 75,

77; (rodents), 79; (ungulates), 80

curves, fetal (mammals), 85

data for constructing curves (amphibians), 69; (birds),

68; (fish), 69, 70; (invertebrates), 70, 71;

(mammals), 66-68; (man), 66; (reptiles), 68, 69

line charts, 72, 73

relationship of fetal and maternal, 83

OXYGEN UPTAKE (See also OXYGEN CONSUMPTION)
comparison of right and left lung, 45

effect of exercise, 144-146*

PARASYMPATHOLYTICS (See also DRUGS, effects of,

178-252)

as antagonists of drugs acting on the bronchi

(vertebrates), 226-230

PARTIAL PRESSURE (See PRESSURE(S); specific gases)

PARTITION COEFFICIENTS of gases, 5

PATENT DUCTUS ARTERIOSUS (mammals), 54, 55

pAx VALUES FOR ANTAGONISTS OF DRUGS ACTING
ON THE BRONCHI (mammals), 249

PERICARDITIS (mammals), 54, 55

PERMEATION COEFFICIENTS of gases, 10, 11

pH (See BLOOD)
PHOSGENE, retention in respired air, 267

PHOSPHORUS, in cerebral respiration (dog). 313, 314

PHYSIOLOGIC DEAD SPACE (See DEAD SPACE.
RESPIRATORY)

PIGMENTS, RESPIRATORY, 108-129

cytochrome, characteristics, 124-129

pyrrole, characteristics. 108-123
PLANTS, respiration rates, 315-383
PLASMA (See BLOOD)
PLEURITIS, tuberculous, 268

PNEUMOCONIOSES, 270, 271

PNEUMONECTOMY
and pulmonary compliance, 137

and respiratory dead space, 51

PNEUMOTHORAX, and respiratory dead space, 51

PORPHYRINS, characteristics, 108-118
POSTPARTUM

erythrocyte and hemoglobin values, 100-103
ventilatory variables, 40

POSTURE
effect on acid-base balance, 91, 92
effect on lung volumes, 40

effect on minute volume, 43

effect on tidal volume, 43

effect on ventilation and O^ uptake, 45
effect on vital capacity, 36, 37

POTASSIUM ION
depression of O2 and CO2 solubility by, 5

effect on tissue O2 consumption, 308-310
PREGNANCY

effect on ventilatory variables, 40

erythrocyte and hemoglobin values, 100-102

Oi capacity and saturation of umbilical blood during,
82, 83

PRESSURE(S) (See also BLOOD; CARBON DIOXIDE;
OXYGEN)

increased ambient, effect on pulmonary function
(mammals), 172-175

internal, effect of decompression (dog), 177

PRESSURE(S) (concluded)

intrapleural, 135

intrapulmonary, at various lung volumes, 134

pulmonary, vs vital capacity, 134*, 135*

reduced barometric, effect on pulmonary function,

151-156

PRESSURE CURVE. RELAXATION. 135*

PRESSURE- DEPTH GRADIENT in the sea. 4

PRESSURE EQUIVALENTS in the sea, 4

PRESSURE-VOLUME CURVES (cat), 133*

PRESSURE-VOLUME DIAGRAM, chest and lungs, 134*

PROPRIOCEPTO- RESPIRATORY REFLEX, 139

PROTEIN, plasma constituent (vertebrates), 93, 94

PULMONARY CAPILLARIES, O^ diffusion, 53*

PULMONARY CIRCULATION (mammals), 54, 55

summary of values, 392

PULMONARY COMPLIANCE (vertebrates). 135-137

methods for measuring, 136

vs vital capacity. 136

PULMONARY DEFLATION RECEPTORS, respiratory

action of drugs influencing (msimmals). 201

PULMONARY FIBROSIS, 268. 269

incidence in the pneumoconioses. 270

and pulmonary compliance, 137

from radiation exposure, 253, 254, 257, 258

and respiratory dead space. 51

PULMONARY PHYSIOLOGY, equations and formulas.

28. 29. 390. 391

summary of values. 28. 29, 392

PULMONARY STENOSIS (mammals), 54, 55

PULMONARY STRETCH RECEPTORS, respiratory

action of drugs influencing (mammals), 200, 201

PULMONARY VEIN REFLEX, 139

PULSE RATE
at altitude. 152-155

effect of decompression and recompression (dog), 176*

effect of exercise, 144-146*. 155

effect of O2 inhalation at increased ambient pressures,

174

PYRROLE PIGMENTS, characteristics, 108-123

PYRUVATE (BLOOD), A-V differences, 59

RADIATION
external ionizing, effect on respiratory system

(mammals). 253-259

interna) emitters, effect on respiratory system
(mammals), 259-262

RADON
effect on respiratory system (mammals), 259-262

partition coefficients, 5

RBC (mammals), 100-102; (man), 99, 100, 102, 103, 107;

(vertebrates), 103-106

from birth to maturity. 102, 103

CO2 absorption at various pCO^, 64

in fetus, newborn and adult female, 100-102

gases, 56

H2CO3 dissociation constants (mammals), 63

Oo consumption, 103, 286

during pregnancy and postpartum, 100-102

at sea level and at altitude, 106-107

RECEPTORS, PULMONARY: respiratory action of drugs

influencing (mammals), 200, 201

RECOMPRESSION
effect on blood gases (dog). 175. 176*

effect on blood pressure, respiratory rate, and pulse

rate (dog). 176*

REFLEXES. RESPIRATORY, 139

RELAXATION PRESSURE CURVE, 134*. 135*

RESIDUAL VOLUME, 27*, 39

definition. 27
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RESIDUAL VOLUME (concluded)

effect of posture, 40

effect of pregnancy, 40

effect of pulmonary fibrosis, 268

prediction formula, 28

summary of values, 28, 392

RESISTANCE, ADDED: effect on respired air, 266

RESISTANCE OF LUNGS AND AIRWAY, 137

RESPIRATION, ARTIFICIAL, 140»-142
RESPIRATION RATES (algae), 316-319; (bacteria), 315;

(ferns), 347; (fungi), 322-345; (higher plants),

348-383; (horsetails), 347; (lichens), 320, 321;

(liverworts), 346; (mosses), 346

RESPIRATORS, MECHANICAL, 140*, 142

RESPIRATORY AIR FLOW, characteristics, 138

RESPIRATORY ALVEOLI, 13, 14*, 17

RESPIRATORY DEAD SPACE (See DEAD SPACE,
RESPIRATORY)

RESPIRATORY EXCHANGE, characteristics (verte-

brates), 285
RESPIRATORY FACTOR in acidosis or alkalosis,

definition, 95
RESPIRATORY FUNCTIONS, BASAL, 44, 45

equations and prediction formulas, 28, 29, 390, 391

summary of values, 28, 29, 392

RESPIRATORY GASES, composition and partial

pressure, 4 (See also specific gases)
RESPIRATORY MOLECULES, characteristics^ 3

RESPIRATORY PHYSIOLOGY, standard symbols, 390
RESPIRATORY PIGMENTS, 108-129
RESPIRATORY QUOTIENT (plants). 315-383; (verte-

brates), 285; (animal tissues), 299-301, 303, 304, 307

at altitude, 151, 156

effect of exercise, 156

RESPIRATORY RATE (vertebrates), 41, 42. 44, 45

at altitude, 151, 156

breathing CO2 concentrations (mammals), 160-162

breathing N^, 151

breathing O^ concentrations (mammals), 157, I67-I69,
174

during decompression (dog), 175, 176*

effect of anoxia, 156, 157

effect of drugs (mammals), 178-199
effect of exercise. 144, 145. 156

effect of pregnancy, 40

infants, 42

RESPIRATORY REFLEXES, 139
RESPIRATORY SYSTEM, 12-14*
RESPIRED AIR, 4, 44, 285 (See also ALVEOLAR

GAS(ES); specific gases)
factors affecting composition, 263-267

acidosis and alkalosis, 267

added dead space, 266

added resistance, 266

CO2 inhalation, 265

exercise, 263-265
heat, 264

O2 inhalation, 265. 266

phosgene retention. 267

voluntary control. 263

SAGITTAL SINUS BLOOD. A-V differences (dog). 314
SALTS

depression of CO^ and O^ solubility by, 5

in respiratory media. 3

SARCOIDOSIS
effect on pulmonary function. 268
and pulmonary compliance. 137

and respiratory dead space, 51

SCHAFER-EMERSON-IVY METHOD, artificial

respiration, 141

SCHAFER METHOD, artificial respiration, 141, 142

SEA
pressure equivalents, 4

pressure-depth gradient in the, 4

SEA WATER, as respiratory medium, 3

SEPTAL DEFECT, 54, 55

SERUM (See BLOOD)
SHAVER'S DISEASE, 270

SILICOSIS, 268, 270

SILVESTER METHOD, artificial respiration, 141, 142

SINUSES, 12, 19

SODIUM ION
depression of O^ and CO2 solubility by. 5

plasma constituent (vertebrates). 93. 94
SOLUBILITY COEFFICIENTS, gases, 6-9. 56

SOLUBILITY OF RESPIRATORY MOLECULES. 3

SPEED, effect on O2 requirement, 148-150*
STANDARD WALKING VENTILATION, 29
STPD, definition, 1, 2

STREETER'S HORIZONS, 12, 13

STRETCH RECEPTORS, PULMONARY: respiratory
action of drugs influencing (mammals), 200, 201

SUBCUTANEOUS TISSUE, O2 and CO2 pressures, 44
SURFACE AREA, BODY

constants for use in formula (mammals), 387
vs lung volumes, 38, 39

vs maximal breathing capacity, 131, 132
nomograms for calculating, 388, 389
vs vital capacity, 33, 39

SYMBOLS IN RESPIRATORY PHYSIOLOGY, 390
SYMPATHOMIMETIC AMINES (See also DRUGS, effects

of, 178-252)

acting on the bronchi (vertebrates), 215-225. 251

TEMPERATURE(S)
acid-base balance of blood at various. 92
blood O2 dissociation at various (invertebrates),

70, 71; (vertebrates), 66-70, 72. 73*. 75*

and CO2 and O2 pressures in blood (mammals), 62*

coefficients for various blood factors, 72, 73*. 86

corrections for pH measurements. 87

diffusion coefficients of gases in water at various. 11

effect on respired air, 264

and K+j effect on tissue O2 consumption, 308

and serum pK' (mammals), 63*

solubility coefficients of gases at various, 6-9

at various altitudes, 2

TEMPERATURE MULTIPLIER, for adjusting oxyhemo-
globin dissociation data, 72, 73*

TENSION (See CARBON DIOXIDE and OXYGEN pressures)
TETRALOGY OF FALLOT, 54, 55

THORACOPLASTY, and respiratory dead space, 51

TIDAL POSITION, END-: effect of breathing CO2
concentrations (mammals), 165

TIDAL VOLUME, 27*, 392; (vertebrates), 41-44
with artificial respiration, 140*-142

breathing CO2 concentrations (mamnmals), 160-162

breathing N2, 151, 174

breathing O2 concentrations (mammals), 167-169, 174

definition, 27

effect of drugs (mammals), 178-199

effect of pregnancy, 40

infants, 42

nomogram for estimating, 140

relation to dead space (mammals), 44, 50*, 51

TIMED VITAL CAPACITY, 28. 392
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TISSUES
animal

effect of K+ on O2 consumption, 308-310

O2 consumption, 286-310

survival and revival times under conditions of

anoxia, 311

diffusion coefficients of gases in, 10, 11

permeation coefficients of gases in, 10, 11

solubility coefficients of gases in, 8, 9

subcutaneous, O2 and CO2 pressures in, 44

TISSUE FLUID, composition of transported gases in, 4

TOTAL LUNG CAPACITY, 27*, 39

definition, 27

effect of posture, 40

effect of pregnancy, 40

prediction formulas, 28

summary of values, 28, 392

TRACHEA, 12, 14*, 17-19

TRACHEOBRONCHIAL TREE, 15*, 17

TRIAZINES, as antagonists of drugs acting on the

bronchi (guinea pig), 242, 243

TUBERCULOSIS, effect on pulmonary function, 268, 270

TURBINALS, 12-14*

VAPORS (See also DRUGS, effects of, 178-252)

acting on the bronchi (mammals), 250

VENA CAVO-RESPIRATORY REFLEX, 139

VENOUS BLOOD (See ACID BASE; BLOOD GAS(ES);
specific gases)

VENTILATION (See also RESPIRATORY RATE; MINUTE
VOLUME; TIDAL VOLUME; RESPIRED AIR)

at altitude, 151-156

basal, 44

breathing concentrations of CO2 (mammals), 160-162

breathing N2 (mammals), 151

breathing concentrations of O2 (mammals), 167-169

comparison of right and left lung, 45

effect of anoxia (mammals), 152-157
effect of drugs (mammals), 178-199

effect of various work loads, 145

equations, 391

vs exercise, 143-146*, 155, 156

nomogram for estimating accuracy of tanl< respirator

settings, 140

standard walking, 29

summary of values, 28, 392

volume (See MINUTE VOLUME)
VENTILATORY EQUIVALENT

effect of pregnancy, 40

effect of various work loads, 145

normal value, 28

VENTILATORY RATE, during artificial respiration, 142

VENTURI METHOD, artificial respiration, 142

VERATRUM ALKALOIDS, respiratory response to

(mammals), 200 (See also DRUGS, effects of,

178-252)

VITAL CAPACITY, 27», 39

vs age, 30, 38

vs body surface area, 33, 38

vs body weight, 32, 38

breathing CO2 concentrations, 165

breathing O2 concentrations, 170

definition, 27

effect of exercise, 143-146*
effect of posture, 36, 37, 40

effect of pregnancy, 40

effect of pulmonary fibrosis, 268

VITAL CAPACITY (concluded)

prediction formulas, 28

vs pulmonary compliance, 136

vs pulmonary pressure, 134*, 135*

vs sitting height and age, 37

vs standing height, 31, 34*, 35*

and age, 36

summary of values, 28, 392

VOMERO-NASAL ORGAN, 12, 13

WALKING DYSPNEA INDEX, prediction formula and

normal value, 29

WALKING VENTILATION, STANDARD, 29

WATER
diffusion coefficients of gases in, 10, 11

permeation coefficients of gases in, 10, 11

in respiratory gases, 1*, 2, 4

as respiratory medium, 3

solubility coefficients of gases in, 6, 8

WEIGHT, BODY
and breathing frequency in calculating tidal volume, 140*

and height, in calculating body surface area, 388*. 389*

vs lung weight (amphibians), 26; (birds), 25; (msummals),

21-24; (reptiles), 26

vs maximal breathing capacity, 131, 132

vs vital capacity, 32, 38

WEIGHT. LUNG (amphibians). 26; (birds), 25; (mammals),
16*, 17*, 20*-24; (reptiles) 26

WHOLE BLOOD (See ACID BASE; BLOOD)
WORK (See also EXERCISE)

effect on heart rate, 144-146*

effect on lung O2 diffusion, 52

effect on pulmonary function, 144-146*. 147-150

effect on respiratory dead space, 47

XENON, partition coefficients, 5
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